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Introduction

The participation of North American university groups in research and 
development projects related to the design of a Linear Collider has 
increased by 50% in the last twelve months. 

Autonomous university groups joining the effort are faced with a
complicated mix of technical, sociological, and governmental 
challenges. Some of the non-technical problems are peculiarly 
American in nature. 

I will describe recent developments in the U.S. program and comment 
on subjects ranging from the R&D projects at universities to the
sociology that influences the rapid transformations in the North
American research landscape.
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Disclaimer
I have never written a talk like this before:

•it presents a subjective view of the process of doing high energy 
physics in the United States
•I am a physicist, not a historian/sociologist

I see the 
Elephant is 
very like a 

rope!

The Blind Men and the Elephant
John Godfrey Saxe (1816-1887)



George Gollin, The Wild, Wild West… March, 20034 IPhysicsPIllinois

The Blind Men and the 
Elephant

John Godfrey Saxe (1816-1887)

It was six men of Indostan 
To learning much inclined, 

Who went to see the Elephant 
(Though all of them were blind), 

That each by observation 
Might satisfy his mind.

The First approached the Elephant, 
And happening to fall 

Against his broad and sturdy side, 
At once began to bawl: 

“God bless me! but the Elephant 
Is very like a wall!”

The Second, feeling of the tusk, 
Cried, “Ho! what have we here 

So very round and smooth and sharp? 
To me ’tis mighty clear 

This wonder of an Elephant 
Is very like a spear!”

The Third approached the animal, 
And happening to take 

The squirming trunk within his hands, 
Thus boldly up and spake: 

“I see,” quoth he, “the Elephant 
Is very like a snake!”

The Fourth reached out an eager hand, 
And felt about the knee. 

“What most this wondrous beast is like 
Is mighty plain,” quoth he; 

“ ’Tis clear enough the Elephant 
Is very like a tree!”

The Fifth, who chanced to touch the ear, 
Said:“E’en the blindest man 

Can tell what this resembles most; 
Deny the fact who can 

This marvel of an Elephant 
Is very like a fan!?

The Sixth no sooner had begun 
About the beast to grope, 

Than, seizing on the swinging tail 
That fell within his scope, 

“I see,” quoth he, “the Elephant 
Is very like a rope!”

And so these men of Indostan 
Disputed loud and long, 

Each in his own opinion 
Exceeding stiff and strong, 

Though each was partly in the right, 
And all were in the wrong!

Moral:

So oft in theologic wars, 
The disputants, I ween, 

Rail on in utter ignorance 
Of what each other mean, 

And prate about an Elephant 
Not one of them has seen!
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Outline
Where we are now, where we are going: physics of the 

fundamental interactions

A snapshot of the Wild, Wild, West: university-based HEP and 
the Fermilab fixed target program, circa 1988.

Big Science 2003

Pathological decision-making

Bringing the Wild, Wild West to Big Science, and vice versa: a 
U.S. university-based LC R&D program

Here's what we’re actually working on at UIUC 
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Where we are now, where we are going: 
physics of the fundamental interactions

A snapshot of the Wild, Wild, West: university-based HEP and the Fermilab 
fixed target program, circa 1988.

Big Science 2003

Pathological decision-making

Bringing the Wild, Wild West to Big Science, and vice versa: a U.S. university-
based LC R&D program

Here's what we’re actually working on at UIUC 
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Where we are now: the physics of the 
fundamental interactions…

Perhaps one might say that the physics of the fundamental 
interactions is concerned with three principal themes: 

1. The nature of space and time;

2. The characteristics of the forces governing the interactions 
of matter and energy;

3. The origins of the fundamental properties (electric charge, 
mass, etc.) of the elementary particles, and the reasons for 
the existence of matter and energy.

We’ve figured out a lot about #1, #2, but much less about #3
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…understanding space and time…

1. The nature of space and time…

• The world is relativistic: moving clocks tick more 
slowly; moving objects become smaller; light rays bend 
in gravitational fields. (1916)

• The names of our theories: Classical Electrodynamics, 
Special/General Relativity

• The real work is in understanding the details.



IPhysicsPIllinois

…understanding space and time…

Photon trajectories near a rotating black hole: Michael Cramer Andersen (1996); 
http://www.astro.ku.dk/~cramer/RelViz/

http://www.astro.ku.dk/~cramer/RelViz/
http://www.astro.ku.dk/~cramer/RelViz/
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…understanding the forces…

2. The characteristics of the forces governing the interactions of 
matter and energy…

• Nature works according to the principles of quantum 
mechanics: it’s not at all like a giant billiard table. 

• The forces are mathematical generalizations of those 
associated with electric fields, with a particular gauge 
symmetry structure.

• The name of the theory: The Standard Model

• As before, the real work is in understanding the details.
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…understanding the forces…
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…understanding the origins of things…

3. The origins of the fundamental properties (electric charge, 
mass, etc.) of the elementary particles, and the reasons for the
existence of matter and energy…

• We have good (but untested) ideas about the origin of 
mass. We’re clueless about the origins of most other 
properties. 

• Determination of Higgs’ properties is necessary to 
provide guidance for development of theory. There’s a 
strong prejudice that SUSY will also be found at these 
energy scales. We’ll see…

This is where much of HEP research is now focused. 
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Is this the source of electroweak 
symmetry breaking???
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Where we are going…
These are exciting times. It is clear that some of our ideas about 

fundamental physics have been wrong. 

• Neutrinos have mass. (Many) relic neutrinos from Big 
Bang are non-relativistic.

• Contents of the universe: 

! (4.4 ± 0.4)% baryons

! (23 ± 4)% “cold dark matter”

! (73 ± 4)% “dark energy”

• Higgs mass is probably less than 193 GeV

• Quantum field theory is probably wrong (cosmological 
constant is completely wacko)
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How we know it’s only 4.4% ordinary matter

From “First Year Wilkinson Microwave Anisotropy (WMAP) Observations: 
Preliminary Maps and Basic Results,” C.L. Bennett et al., The Astrophysical 
Journal, submitted (2003).
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Changes in U.S. HEP program’s orientation

Focus of U.S. HEP community is changing: 

• Less non-neutrino fixed target physics (though CKM, 
KOPIO, MECO are in the program) 

• Less precision Standard Model spectroscopy (though 
BTeV, BaBar, and Belle continue to play important roles 
in U.S. program; CLEO-c will run for a few more years.) 

• More emphasis on neutrino oscillations: MiniBooNE, 
MINOS

• More effort on high pT physics: CDF, D∅

• More attention to Higgs and SUSY: ATLAS, CMS, 
Linear Collider.
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Linear Collider’s place in U.S. program
Linear Collider R&D is beginning to attract more interest from 

university-based HEP groups in the U.S. 

Level of LC participation (by university groups) has increased 
~50% since early 2002. (That’s what I’m going to talk about.)

About half of the new projects taken on by “detector groups” at 
universities involve accelerator physics.

These are interesting, and rapidly changing, times.

(“Hybrid” LC from Tom Himel, SLAC)
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TESLA and NLC parameters, briefly
Linear Collider designs, summarized  in 2 slides…

2034peak luminosity (1033 cm-2 s-1)
23,04014,100bunches/second

1922820bunches/pulse
1205pulses/second
11.41.3RF frequency (GHz)
6.911.3beam power (MW)

0.75×10102×1010particles/bunch
500 -500 - 800 1000energy (GeV)

NLCTESLAparameter

(Table content from Tom Himel, SLAC)
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TESLA and NLC parameters, briefly

0.317damping ring circumference (km)

1.4337inter-bunch spacing (nsec)
2034peak luminosity (1033 cm-2 s-1)

3233linac total length (km)

243 / 3553 / 5σx / σy at IP (nanometers)
3152RF structure temperature (°K)

NLCTESLAparameter

Different RF frequencies: tighter mechanical tolerances for NLC.

Different bunch spacing: NLC and TESLA damping rings are 
very different.

(Table content from Tom Himel, SLAC)
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Where we are now, where we are going: physics of the fundamental
interactions

A snapshot of the Wild, Wild, West: 
university-based HEP and the Fermilab 
fixed target program, circa 1988.

Big Science 2003

Pathological decision-making

Bringing the Wild, Wild West to Big Science, and vice versa: a U.S. university-
based LC R&D program

Here's what we’re actually working on at UIUC 
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A snapshot of the Wild, Wild, West…

As experiments have grown larger, the style of collaboration has
changed.

There was a sense of lively engagement and “ownership” that was 
characteristic of smaller collaborations at Fermilab during the 
1980s.

It would be healthy to try to instill this in our much larger projects, 
such as Linear Collider R&D, today.

My impressions of the 1987-88 fixed target run at Fermilab…
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Fixed target experiments at Fermilab, 1987-88

Fixed target beamlines…
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Fixed target experiments at Fermilab, 1987-88

+
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Fixed target experimental areas at Fermilab

“meson area”
“neutrino area”

“proton area”
(The names are misleading.)
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The experiments which took data, 1987-88

~16 experiments
~675 physicists
~40,000 6250 BPI magnetic tapes 
~2.5 countries per experiment
~8.5 institutions per experiment

1987-88 run:
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Physics goals of fixed target program, 1987-88.
Charm physics 
• lifetimes, branching ratios
•production mechanisms: hadronic + electromagnetic
•A dependence

Nucleon and nuclear structure
•deep inelastic scattering structure functions
•“EMC effect”
•hyperon magnetic moments

QCD, etc.
•direct γ production
• the hadronic vertex in lepton-nucleon scattering

Standard model/electroweak tests
•CP violation
•wrong-sign dimuon events
•WIMP search
• ντ search
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Oy, the pressure!
Experiments were smaller:
• ~42 physicists per experiment
• ~5 physicists per institution (usually a university group)

Typically, each university group would build a major 
subsystem for the experiment (e.g. the drift chambers)
• if it didn’t work, the experiment would fail
• many experiments only ran once
• runs were short: ~6 months.

High stakes, high pressure, very exciting, very stressful. 
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…The Wild, Wild, West…
E731 discusses quality of DAQ support with Fermilab’s 

Computing Division, 1987

Scene from The Magnificent Seven (1960)
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The atmosphere in which we worked

Most experiments were proposed by university groups. 

Fermilab provided technical support (DAQ, installation, beams, 
offline computing resources, etc.)

University groups were autonomous; experiments were 
controlled by the off-site groups.

Fermilab program planning office kept track of experiment 
status as best as it could:
• in the cafeteria at lunch every day
• through unannounced visits to the experiments
• at weekly “all-experimenters” meetings
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Grass-roots networking

Many (most?) on-site experimenters 
came to Wilson Hall for lunch.
• hear/spread rumors
• beg for resources
• brag and complain
• see friends from other universities

The place crackled with energy

The food was terrible

It was chaotic and exhilarating.

Fermilab Visual Media Services #92-1168
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Smaller groups, different time scales

It seemed to be possible to accomplish a lot, very quickly
• much less oversight/bureaucracy/documentation than now
• instrumentation was simpler
• work was less compartmentalized: more sense of individual 

engagement in addition to responsibility for entire experiment.

University faculty would fly in every week; graduate students and 
postdocs would live at Fermilab.

My experiences: muon scattering and K0 experiments.
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The cultural origins of the Wild, Wild, West
Cultural origins:

• some universities had built their own cyclotrons, then 
accelerators (e.g. CEA at Harvard, PPA at Princeton) 

• U.S. university research culture has always encouraged 
faculty independence and creativity

Princeton faculty 
pondering the τ-θ
paradox, 1955

Scene from The Seven Samurai (1959)
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Advantages and disadvantages
Advantages of this sort of arrangement:

• collaboration is responsive to new information: it is possible 
to change direction of work rapidly 

• greater breadth of experiences for all participants is possible
• sense of responsibility for all aspects of the experiment makes 

it more likely for problems to be found and corrected.
• sense of independence, engagement and “ownership” is very 

satisfying

Disadvantages:
• large projects (e.g. CDF) might be too complicated to execute
• oversight of experiments is difficult (a few experiments didn’t 

work at all due to incompetence of the participants)
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Where we are now, where we are going: physics of the fundamental
interactions

A snapshot of the Wild, Wild, West: university-based HEP and the Fermilab 
fixed target program, circa 1988.

Big Science 2003
Pathological decision-making

Bringing the Wild, Wild West to Big Science, and vice versa:: a U.S. 
university-based LC R&D program

Here's what we’re actually working on at UIUC 
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Tonnesmann {29}, H. Toyoda {34}, W. Trischuk {46}, J. F. de Troconiz {18}, J. Tseng {27}, D. Tsybychev {14}, N. Turini {38}, F. Ukegawa {48}, T. Unverhau {17}, T. Vaiciulis {41}, J. Valls {43}, E.
Vataga {38}, S. Vejcik III {13}, G. Velev {13}, G. Veramendi {25}, R. Vidal {13}, I. Vila {8}, R. Vilar {8}, I. Volobouev {25}, M. von der Mey {6}, D. Vucinic {27}, R. G. Wagner {2}, R. L. Wagner {13}, 
W. Wagner {22}, N. B. Wallace {43}, Z. Wan {43}, C. Wang {12}, M. J. Wang {1}, S. M. Wang {14}, B. Ward {17}, S. Waschke {17}, T. Watanabe {48}, D. Waters {26}, T. Watts {43}, M. Weber {25}, H.
Wenzel {22}, W. C. Wester III {13}, B. Whitehouse {49}, A. B. Wicklund {2}, E. Wicklund {13}, T. Wilkes {5}, H. H. Williams {37}, P. Wilson {13}, B. L. Winer {33}, D. Winn {28}, S. Wolbers {13}, D.
Wolinski {28}, J. Wolinski {29}, S. Wolinski {28}, M. Wolter {49}, S. Worm {43}, X. Wu {16}, F. Wurthwein {27}, J. Wyss {38}, U. K. Yang {10}, W. Yao {25}, G. P. Yeh {13}, P.Yeh {1}, K. Yi {21}, J.
Yoh {13}, C. Yosef {29}, T. Yoshida {34}, I.Yu {24}, S. Yu {37}, Z. Yu {52}, J. C. Yun {13}, L. Zanello {43}, A. Zanetti {47}, F. Zetti {25}, and S. Zucchelli {3} 

Big Science 2003...

Experiments have become 
much larger. 

CDF’s collaboration list 
(shown on this page) 

includes 53 institutions.
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Very large devices

This is what we’re talking about…

teeny-weeny people

ATLASchez George
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Lots of documentation and structure
 This is also what we’re talking about…

• Expressions of Interest
• Letters of Intent
• Conceptual Design Reports
• Technical Design Reports
• Memoranda of Understanding
• Work Breakdown Structures
• Environmental Impact Assessments
• Technical Reviews
• Safety Reviews
• Progress Reports
• Director’s Reviews
etc. etc.
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Very ambitious physics objectives

This is also what we’re talking about…
• Observation of CP violation in B decays
• Discovery of the t quark
• Potential to identify the source of electroweak 

symmetry breaking (the Higgs?)
• Search for supersymmetry

The physics goals are very ambitious.

My contact with this: CLEO III and a little bit of ATLAS.
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The holy grail: place mH measurement
onto this plot

(LEP EW WG http://lepewwg.web.cern.ch/LEPEWWG/plots/winter2003/)
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Comments about the human side of things

My experience is that communication is more difficult:
• more people
• more is happening so there’s more to know
• it’s harder to change direction based on unexpected information…

…and many participants exhibit a diminished sense of responsibility.
• “expert shifters” read newspapers (!!!), expecting that the 

“responsible person” will notice hardware problems offline
• problems observed online are thought to be “someone else’s 

responsibility”
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Communication difficulties

The Tower of Babel
Pieter Bruegel (1525-69)
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“It’s not my job”
More observations:

• It’s less fun; people don’t work as hard; progress is slower.
• data quality is reduced due to tardy correction of problems

The more general problem: lack of engagement, lack of 
responsibility…

• Unnecessary (and expensive) replacement of complex 
hardware systems because nobody chose to understand the 
details of the existing system (which was working fine!)

• Large amounts of data rendered useless by mistakes which go 
unnoticed because nobody bothers to look for problems

(Like some examples? [not from CLEO or ATLAS]) 
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“Somebody else will catch it offline”
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Where we are now, where we are going: physics of the fundamental
interactions

A snapshot of the Wild, Wild, West: university-based HEP and the Fermilab 
fixed target program, circa 1988.

Big Science 2003

Pathological decision-making
Bringing the Wild, Wild West to Big Science, and vice versa: a U.S. university-

based LC R&D program

Here's what we’re actually working on at UIUC 
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Pathological decision-making…

An organization’s decision-making process can evolve in a 
pathological fashion. Here is an example from outside HEP:

Apollo 13 Challenger
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This one they got right 
En route to the moon, an oxygen tank exploded in the Apollo 13 
service module on April 13, 1970. The entire oxygen supply 
normally intended for trans-lunar flight was lost. The service 
module’s main engine (to be used to return to Earth) was damaged.
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Rapid uptake of relevant information
NASA staff spent four days improvising solutions to propulsion 
and life support problems, allowing crew to return safely to Earth.

This was an extreme case, but NASA was able to use new 
information rapidly to decide on a proper (new) course of action.



George Gollin, The Wild, Wild West… March, 200348 IPhysicsPIllinois

1986 Challenger explosion

On January 28, 1986, the space shuttle Challenger exploded when an 
O-ring in the right solid rocket booster burned through, rupturing the 
shuttle’s main fuel tank.
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NASA knew cold O-rings were a problem

What NASA knew that day:

• At launch time, ambient temperature was 2°C (36°F)

• Morton-Thiokol engineers had unanimously recommended 
against a launch at that temperature. NASA asked them to 
reconsider. M-T management overruled the engineers. 

• Next-coldest launch temperature had been 11.7°C (53°F)

• 4 of 21 previous launches at temperatures ≥ 16°C (61°F) had 
shown “O-ring thermal distress” (!!! burns, for example !!!)

• 3 of 3 previous launches at temperatures < 16°C (61°F) had 
shown “O-ring thermal distress”
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Shuttle was launched in spite of SRB designers’ 
fears/objections/launch veto

So… NASA was aware of the engineers’ concerns, and knew that 
cold O-rings were (partially) burned during launch.

NASA was unable/unwilling to include this information in its 
decision regarding the shuttle launch.

There were seven people aboard the Challenger.

Does NASA do better now?
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2003 Columbia accident

Not always.

On January 16, 2003, debris struck the space shuttle Columbia’s
left wing shortly after liftoff.

NASA engineers asked Ron Dittemore (shuttle program manager) 
to obtain satellite images of the shuttle to look for signs of damage.
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NASA administrators vetoed engineers’ 
requests for satellite imagery of shuttle wing…
Dittemore refused. 

According to NASA, “he felt 
that satellite images would not 
necessarily help determine 
damage.” 

Also: “such images might not 
have been sharp enough.” (NY 
Times, March 13, 2003.) 
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…and cancelled a request which had 
slipped through

NASA: “someone did make an early request for imagery to the 
Defense Department. But that request, which ‘was not coordinated
with the rest of the flight operations world,’ was withdrawn by 
Roger D. Simpson, another NASA official.” (ibid.)

January 23 email from Simpson “thanked officials at the United 
States Strategic Command [operates U.S. spy satellites] for 
considering a request to observe the Columbia for damage but 
criticized the request as not having gone through proper channels. 
Simpson apologized for any ‘inconvenience the cancellation of the 
request may have caused’ and said that it had served only to ‘spin 
the community up about potential problems.’ He added that the 
shuttle was ‘in excellent shape.’” (ibid.)
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Sensor telemetry from left wing
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Pathological decision-making

Again, NASA was unwilling to acquire/include new information in 
its decision-making. 

Images “would not necessarily help determine damage”… “might 
not have been sharp enough”… it sounds like a NASA turf battle 
had interfered with common sense.

On February 1, 2003 Columbia disintegrated during reentry. 

There were seven people aboard the Columbia.

Preliminary evidence suggests that damage to the left wing (during 
liftoff) is at fault.
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How does this come about?

Is this sort of decision-making pathology inevitable? 

Would more sense of ownership and engagement by participants have 
allowed the (expert) engineers to prevail over the (technically less 
knowledgeable) managers?

Is NASA’s problem similar in origin to some of the unwise decisions 
we have seen in high energy physics?
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Where we are now, where we are going: physics of the fundamental
interactions

A snapshot of the Wild, Wild, West: university-based HEP and the Fermilab 
fixed target program, circa 1988.

Big Science 2003

Pathological decision-making

Bringing the Wild, Wild West to Big 
Science, and vice versa: a U.S. university-
based LC R&D program

Here's what we’re actually working on at UIUC 
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Bringing the Wild, Wild West to Big Science, 
and vice versa: a U.S. university-based LC 

R&D program…

Is some sort of decision-making pathology inevitable in any large 
organization? 

How might it be avoided in a large HEP effort (such as a Linear 
Collider accelerator and detector)?
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Centralization vs. independence
The requirements, the problems:

• Centralized system is necessary to manage resources, interact 
with governments, and provide coherent oversight

• Engaged participants who feel they can influence the direction 
and goals of the entire project are necessary for best success. 

It is not a simple matter to cause these to coexist.

A comment: high energy physicists are unusually intelligent, are fully 
aware of the common goal of designing/building the LC, and do 
distinguish between their short-term (selfish) interests and long-term 
(HEP community) interests. 
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Try combining the two…

An interesting idea: try to combine “Wild Wild West” and “Big 
Science” approaches in the project.

“Big Science” (a steering group) focuses on global issues: project 
oversight, internationalization, and interaction with funding agencies.

“Wild Wild West” (proponents of individual R&D efforts) organizes 
itself however it chooses, maintaining much of its independence from 
the steering group. Cooperation with the steering group is ~voluntary. 
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Demand individual responsibility

Insist that participants rise to the occasion: meet schedules; cooperate; 
compromise when it is reasonable to do so; consider their own efforts 
in the larger context of the shared goal of realizing a Linear Collider; 
etc. 

If the steering group does not seem to be acting in a timely fashion on 
behalf of the R&D proponents, proponents should take matters into 
their own hands. 

It sounds like anarchy, chaos… a disaster waiting to happen… 
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The worries we would bring to the table
Steering group’s nightmares:

• participants will not work coherently unless under external 
direction and control 

• participants will duplicate each other’s work, squabble, and 
waste resources. 

• nothing will work

Participants’ nightmares:
• steering group will not include participants in decision-making 

process, and will act (unwisely) without considering all relevant 
information

• steering group will be uninterested in participants’ level of 
engagement, and will view participants as “foot soldiers” 

• nothing will work



IPhysicsPIllinois

It’s not really like this

Nightmare of the 
steering group

image from Gangs of New York

Nightmare of the 
participants

image from http://www.i-magin-
ation.com/Newsletters/Hold_Up_Your_Hand

_03282002/Hold-Up-Your-Hand.htm
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We’ve already started, and it seems 
to be working

Surprise!
This is how a significant component of the U.S. university-based 
LC R&D has been organized as of late.

So far it is working better than any of us had thought possible.

(Note: U.S. HEP funding comes from two independent federal 
agencies: the National Science Foundation (NSF) and the 
Department of Energy (DOE)  

Here’s the recent history…
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U.S. LC work before 2002

Status of Linear Collider efforts in the U.S. before 2002
• major effort on NLC (warm) design at SLAC.
• many (most?) university participants were already affiliated with 

SLAC through SLD collaboration
• most university participants were involved with physics and 

detector simulations. (almost) no “detector” physicists were 
doing accelerator physics R&D.

• less U.S. involvement with cold (TESLA) design: work at 
Argonne National Lab, Cornell, Fermilab, UCLA, Jefferson Lab

• Department of Energy (one of two U.S. funding agencies) was 
wary of U.S. duplication of TESLA work already underway in 
Europe, and did not encourage TESLA-related projects.



George Gollin, The Wild, Wild West… March, 200366 IPhysicsPIllinois

U.S. LC work before 2002

U.S. Linear Collider Steering Committee (USLCSC) had been 
created to oversee the entire U.S. LC effort and to interact with 
international efforts.
American Linear Collider Physics Group (ALCPG) had been 
created to provide structure to the U.S. detector R&D effort:

• executive committee composed of university people 
• various working groups covering physics and detector topics
• no corresponding group for accelerator work at universities

Most university HEP physicists were not involved, and tended to 
think about the long-term problems of funding, technology and site 
selection, and possible role of LC when LHC was already running.
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LC becomes highest priority U.S. (future) effort
HEPAP (High Energy Physics Advisory Panel to U.S. Department 
of Energy) endorsed Linear Collider in January, 2002: 

We recommend that the highest priority of the U.S. program be a 
high-energy, high-luminosity, electron-positron linear collider, 
wherever it is built in the world. This facility is the next major step 
in the field and should be designed, built and operated as a fully 
international effort.

We also recommend that the United States take a leadership 
position in forming the international collaboration needed to 
develop a final design, build and operate this machine. The U.S.
participation should be undertaken as a partnership between DOE 
and NSF, with the full involvement of the entire particle physics 
community…
http://doe-hep.hep.net/lrp_panel/
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Trying to jump-start an LC effort: early 2002
Chicago Linear Collider Workshop, January 7-9, 2002…

• It was clear that FNAL management was focused on Run II 
problems, and had not yet been planning seriously for major LC 
participation. There were some projects underway though… 

• University faculty already participating were focused on their 
own efforts, rather than on building a significant U.S. LC effort. 
It was unclear how other DOE groups (or NSF groups with 
NLC interests) could join in.

• Cornell was beginning to plan for a university-based effort 
(which it would manage), to be funded by the U.S. National 
Science Foundation. Nothing like this was in the works for 
DOE groups.

• SLAC was enthusiastic about helping university groups to 
begin working on accelerator physics topics. 
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Chicago Linear Collider Workshop
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Self-organizing university efforts, early 2002
“Here come the professors!” 

• USLCSC, ALCPG did not seem to have an effective plan for 
increasing university HEP involvement at that time. 

• Some of us invented one and began to discuss it with our 
colleagues in February, 2002. Lots of phone calls.

• An accelerator physics working group spontaneously 
organized itself as an analog of the ALCPG detector WG’s 

• Several of us organized an unusual workshop, held at 
Fermilab on April 5, 2002. It was entirely driven by grass-
roots interest to discuss a DOE-funded university program. 
(More on this later.)

• Cornell held a related workshop, to discuss organization of 
an NSF-funded consortium on April 19, 2002.

• SLAC held a follow-up workshop May 31, 2002.
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Fermilab, Cornell, SLAC workshops
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Research and Development 
Opportunities for the Linear 

Collider
Fermi National Accelerator Laboratory

April 5, 2002 

Organizing committee:
Dan Amidei, University of Michigan (co-chair)
George Gollin, University of Illinois  (co-chair)
Gerald C. Blazey, Northern Illinois University
Marcela Carena, Fermilab
David Finley, Fermilab
Gene Fisk, Fermilab
David Gerdes, University of Michigan
Bob Kephart, Fermilab
Young-Kee Kim, University of California, Berkeley
Andreas Kronfeld, Fermilab
Nigel Lockyer, University of Pennsylvania
Slawomir Tkaczyk, Fermilab
Rick VanKooten, Indiana University

We hold a first workshop to present possible 
research topics to interested physicists

That
Workshop
at Fermilab

April 5, 2002
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Why we wanted to hold the workshop

It was clear at the Chicago meeting that university-based physicists 
didn’t know 

•which R&D projects needed work

•how to get started

Existing US R&D had concentrated on accelerator design and 
simulation of detectors, with detector hardware R&D taking place
abroad.

We wanted to stimulate participants’ interest in the short/medium term 
tasks associated with R&D necessary for the Linear Collider.  
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We wanted people see what they could begin 
working on the day after the workshop

Most of us love working in the lab. 

•Workshop speakers were asked to describe in detail some of the 
projects which awaited us. This way, we could start thinking 
about building stuff, rather than about LC politics.

Many people seemed to be waiting to be told what to do.

•Empower people to think for themselves and assess their own 
strengths and interests
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Bringing the Wild, Wild West to Big Science…
In (American) English, this is a “grass-roots” initiative.
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“Ground rules” for speakers and participants

1. Stay clear of political issues. Discussions should be:
•site-neutral when appropriate
•inclusive of studies needed for both TESLA and NLC/JLC.

2. Think across traditional system boundaries:

•required performance will couple many accelerator and detector 
systems’ properties

•cool projects abound in domains you might not have thought to 
consider (e.g. the accelerator!)

•interesting possibilities for collaboration with colleagues in other 
domains (condensed matter, EE,...) exist.
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What we did at the workshop

Workshop URL: http://www.hep.uiuc.edu/LC/html_files/workshop_04_05_02_main.html

The program:
•4 accelerator talks
•4 detector talks

We did not bother with yet again another Higgs/SUSY talk. 

Speakers were advised to “...to set before participants brief (but 
concrete) descriptions of a large number of research and development 
projects that participants might choose to undertake.”

Tom Himel presented an amazing list of 80 (!!) R&D projects, of 
interest to the NLC design, the TESLA design, and of interest to
both. It was the most interesting, and productive, part of the 
workshop.
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Tom Himel’s list of accelerator projects
Note: current URL is http://www-conf.slac.stanford.edu/lcprojectlist/asp/projectlistbyanything.asp

http://www-conf.slac.stanford.edu/lcprojectlist/asp/projectlistbyanything.asp
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An example of a suggested R&D project
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Sample accelerator projects
Here are a handful of items from Tom’s list:

•low level RF Digital Feedback Hardware
•Exception Handling for RF System
•TESLA Wave Guide Tuner Control
•Structure Breakdown diagnostics
•active vibration stabilization of Final Doublet
•Linac accelerator structure cooling without vibration
•Acoustic sensors for structure and DLDS breakdown
•beam profile monitor via Optical Transition Radiation
•Very fast injection/extraction kickers for TESLA damping ring
•RF BPM electronics, including tilt
•5-10 kW magnet power supply
•flow switch replacement
•robot to replace electronic modules in tunnel
•Programmable Delay Unit
•linac movers: 50 nm step, rad hard
•Low Level RF 500 MHz digitizer
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Who came

•113 people registered in advance, 10 more at the workshop

•94 people picked up ID badges at the workshop

•About 150 people were present at the summary/discussion

•Registrants’ home institutions spanned 19 states + Italy + Russia

•41 registrants turned in an interest survey/questionnaire; 46 who 
didn’t had already described their interests when registering.

•Interests expressed: 
!both accelerator and detector 26
!accelerator only 22
!detector only 39
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Where they came from

Registrants’ home institutions spanned 19 states + Italy + Russia
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Events since spring, 2002

More history, then on to the details: 
• EOI letter submitted to Fermilab June 12, 2002, proposing 

that we form some sort of coherent LC R&D program, with a 
focus at Fermilab, and support from DOE. Letter had 91 co-
signers from 24 institutions.

• Santa Cruz Linear Collider Retreat, June 27-29, 2002. 
Discussions among university proponents seeking DOE 
funding (“LCRD”), those seeking NSF funding (“UCLC”), 
ALCPG, USLCSC, and both funding agencies lead to an 
understanding of proposal schedules, review process, 
possible levels of support, and oversight, coordination, and 
cooperation with ALCPG working groups. 
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Wild, Wild West + Big Science at Santa Cruz

Santa Cruz Linear Collider Retreat, June 27-29, 2002. 

Marty Breidenbach’s suggestion… photograph the same people 
after LC is built
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Bringing Big Science to the Wild, Wild West
The Problem: how to organize a university program when there 

are three different “diagonalizations” possible?

1

2

University Program = Department of Energy

National Science Foundation

a

a

+

1 2 3University Program = Fermilab SLAC Cornellb b b+ +

1 2

3 4

5 6

University Program = accelerator machine/detector interface

vertex detector tracking

calorimetry muon/particle ID

c c

c c

c c

+ +

+ +

+ +…

this one’s the best The solution…
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Constructing a coherent R&D program

ALCPG working group leaders offer suggestions 
for revision, collaboration with other groups, etc.

LCRD (DOE) proponents write 
short project descriptions

UCLC (NSF) proponents write 
short project descriptions

UCLC proponents write 
“project descriptions”

LCRD proponents write 
“subproposals”

UCLC proponents revise 
project descriptions

LCRD proponents revise 
subproposals

proposal coordinators create one unified document 
combining LCRD and UCLC projects

separate accelerator and detector committees 
review proposed work for both agencies

proposal coordinators create new document combining revised 
LCRD and UCLC projects, then transmit to DOE and NSF.

7/02

8/02

9/02

9/02

9/02

10/02

10/02
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The Wild, Wild West writes a proposal
The result:

• 71 new projects
• 47 U.S. universities
• 6 labs
• 22 states
• 11 foreign institutions
• 297 authors
• 2 funding agencies
• two review panels
• two drafts
• 546 pages
• 8 months from t0
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Scope of proposed work
Projects are organized by research topic, not by funding 
agency or by supporting laboratory.

3$148,899Muon System and Particle Identification
71$2,353,525 Total

12$514,540Calorimetry
11$395,662Tracking
3$119,100Vertex Detector
9$171,541Luminosity, Energy, Polarization
33$1,003,783Accelerator Physics

proposals$FY2003LCRD + UCLC

27$1,043,759 UCLC
44$1,309,766LCRD
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About the proposed work

The number of university physicists participating in Linear Collider 
R&D has increased ~50% through the creation of LCRD and 
UCLC.

This national Linear Collider R&D effort is coherent, well-balanced 
between accelerator and detector physics, and spans the 
administrative and geographical boundaries of different funding 
agencies and different supporting labs. 

Projects on both TESLA and NLC are included.

The DOE and NSF are working on the funding now… there is 
considerable cause for optimism.

We did this in 8 months. 
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Pony Express

Shipping copies to Washington
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US LC R&D “org chart” of sorts

U.S. Linear Collider 
Steering Committee 

(USLCSC) 

American Linear Collider 
Physics Group (ALCPG) 
http://blueox.uoregon.edu/~jimbrau/LC/ALCPG/ 

American Working Group on Linear 
Collider Accelerator 

Technology (AWGLCAT) 
http://www-conf.slac.stanford.edu/lcprojectlist/projectlist/intro.htm

ALCPG physics and detector 
working groups 

http://blueox.uoregon.edu/~jimbrau/LC/ALCPG/#wglead 

Department of Energy 
(DOE) 

http://doe-hep.hep.net/home.html 

National Science 
Foundation (NSF) 

http://www.nsf.gov/mps/divisions/phy/
about/c_programs.htm - epp 

Linear Collider Research and 
Development Working Group 

(LCRD) 
http://www.hep.uiuc.edu/LCRD/ 

University Consortium for 
Linear Collider R&D 

(UCLC) 
http://www.lns.cornell.edu/public/LC/UCLC/ 
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Current status of LCRD
I am a proposal coordinator for LCRD so I know more about it than 
I do about UCLC.

FY 2003 budget approved by Congress mid-February 2003.

DOE is supportive of LCRD. As of mid-March, it understands how 
it plans to allocate HEP funds. We expect to hear the details 
concerning LCRD funding level in a few weeks.

LCRD comprises 44 separate R&D projects. Nearly all of them are 
underway, in spite of tardy arrival of funding. Many groups will not 
be able to continue LC efforts much longer without funding.

All groups are expected to give progress/status reports at US LC
meeting (at Cornell) in July, 2003.

Status information is available for most projects at the LCRD web 
site.



93 IPhysicsPIllinois

How it’s going

The level of cooperation which has been possible between UCLC, 
LCRD has been amazing to me. We have found it easy to work 
together.

More comments…
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Einstein was wrong

Most of us teach, and time is always in short supply.
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Where we are now, where we are going: physics of the fundamental
interactions

A snapshot of the Wild, Wild, West: university-based HEP and the Fermilab 
fixed target program, circa 1988.

Big Science 2003

Pathological decision-making

Bringing the Wild, Wild West to Big Science, and vice versa: a U.S. university-
based LC R&D program

Here's what we’re actually working on at 
UIUC
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Investigation of Acoustic Localization of rf
Cavity Breakdown

LCRD project 2.15 (item 61 on “The List.”)

Can we learn more about NLC rf cavity breakdown through acoustic 
signatures of breakdown events?

At UIUC (“UC” = Urbana-Champaign):
George Gollin (professor, physics)
Mike Haney (engineer, runs HEP electronics group)
Bill O’Brien (professor, EE)
Joe Calvey (UIUC undergraduate physics major)
Michael Davidsaver (UIUC undergraduate physics major)
Rachel Hillmer (UIUC undergraduate physics major)

Marc Ross is our contact person at SLAC.
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Some of us
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An interdisciplinary university collaboration…

Haney’s PhD is in ultrasound imaging techniques

O’Brien’s group pursues a broad range of acoustic 
sensing/imaging projects in biological, mechanical,… systems

Gollin is clueless, but enthusiastic.

Ross is our contact at SLAC and participates in related work 
taking place there.
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A piece of NLC to play with
Work has been going on 
since January 2003 in 
Gollin’s lab.

Ross sent us a short piece 
of NLC and some 
engineering drawings 
specifying the geometry.

O’Brien has lent us a 
couple of 2.2 MHz 
transducers and associated 
circuitry.
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We are not allowed to put a fish here.
Very first measurement: where’s the bottom of a fish tank?



George Gollin, The Wild, Wild West… March, 2003101 IPhysicsPIllinois

Very first measurements
Surprises:

•Single-shot timing information looks very good: easy to locate 
individual peaks in echo pulse to ~10 nsec.
•Pulse-to-pulse reproducibility is also very good.
•Noise is insignificant.  

Perhaps detailed analysis of acoustic pulse shape (not just 
integrated amplitude) will be productive?

In water, 10 nsec ~ 15 µm; in copper, 10 nsec ~ 50 µm. (Note: 
reflections or attenuation in NLC structures could make this 
impossible to achieve.) 
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Copper’s acoustic properties

Now we’re looking at acoustic 
properties of heat-treated vs.
untreated copper. (NLC structures 
are heat-brazed during assembly)

We have two copper dowels from 
NLC structure factory at Fermilab. 

#2 is heat-treated, #1 is untreated.

#2 has visible grain structure, #1 
does not… 
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Visible grain structure in heat-treated Cu

#2 has visible grain structure. In #1, grains are much less obvious.
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Grain structure seems to be important
Surprises (to me):

• Speed of sound is ~5% faster in the heat-treated dowel. 
• Sound is very strongly scattered out of the beam (by grains?) in

the heat-treated dowel compared to the untreated dowel.
• Very complex acoustic signal in heat-treated dowel could be 

mistaken for noise, but it’s NOT. Pulse-to-pulse reproducibility 
is VERY good.

• Scattering may make it hard to interpret acoustic information 
from this high a frequency. We’ll see what MatLab modeling 
can tell us.

We have a fancier setup now: LabVIEW, PCI scope card, etc. etc.
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We are having a lot of fun

This particular project is well suited for undergraduate participation.

The students are very good! Joe and Michael are only in their first 
year, while Rachel is a sophomore.

(U.S. undergraduate university program is 4 years.)

Three students will continue the work this summer.

The other project…
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Investigation of Fast Kickers for the TESLA 
Damping Rings

LCRD project 2.22 (item 80 on “The List.”)

TESLA damping ring fast kicker must inject/eject every nth bunch, 
leaving adjacent bunches undisturbed. 

Minimum bunch separation inside damping rings determines size of
the damping rings. 

It’s the kicker design which limits the minimum bunch spacing.

Would a different extraction technique permit smaller bunch 
spacing (and smaller damping rings)?
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Who is participating in LCRD 2.22

At UIUC (“UC” = Urbana-Champaign):
George Gollin (professor)
Mike Haney (engineer, runs HEP electronics group)
Tom Junk (professor)

At Fermilab:
Dave Finley (staff scientist)
Chris Jensen (engineer)
Vladimir Shiltsev (staff scientist)

At Cornell:
Gerry Dugan (professor)
Joe Rogers (professor)
Dave Rubin (professor)
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TESLA beams overview
Linac beam:
• One pulse: 2820 bunches, 337 nsec spacing 
• length of one pulse in linac ~300 kilometers 
• Cool an entire pulse in the damping rings before injection into linac

Damping ring beam:
• One pulse: 2820 bunches, ~20 nsec spacing
• length of one pulse in damping ring ~17 kilometers 
• Eject every nth bunch into linac (leaving adjacent bunches 

undisturbed) 

17 km damping ring circumference is set by the minimum bunch 
spacing in the damping ring.
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TESLA overview: fast kicker in TDR
Fast kicker specs (à la TDR):
• ∫Bdl = 100 Gauss-meter = 3 MeV/c
• stability/ripple/precision ~.07 Gauss-meter
• ability to generate, then quench a magnetic field rapidly determines 

the minimum achievable bunch spacing in the damping ring

TDR design: bunch “collides” with electromagnetic pulses traveling 
in the opposite direction inside a series of traveling wave structures.

Kicker element length ~50 cm; impulse ~ 3 Gauss-meter. (Need 20-
40 elements.) 

Structures dump each electromagnetic pulse into a load.
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Something new: a “Fourier series kicker”

injection path extraction path

kicker rf cavities

injection/extraction 
deflecting magnet 

injection/extraction 
deflecting magnet pT

Fourier series kicker is located in a bypass section (more about this on 
the next slide…)

While damping, beam follows the dog bone-shaped path (solid line).

During injection/extraction, deflectors route beam through bypass 
(straight) section. Bunches are kicked onto/off orbit by kicker.



George Gollin, The Wild, Wild West… March, 2003111 IPhysicsPIllinois

Fourier series kicker

injection path extraction path

kicker rf cavities

3 MHz 6 MHz 9 MHz N•3 MHz
... 

Kicker is a series of N “rf cavities” oscillating at harmonics of 
the linac bunch frequency 1/(337 nsec) = 2.97 MHz:

( )0 0
1

1 2cos ;   
2 337 ns

N

T
k

p A k t πω ω
=

 = + =  
∑
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Fourier series kicker

injection path extraction path

kicker rf cavities

3 MHz 6 MHz 9 MHz N•3 MHz
... 

( )0
1

1 cos
2

N

T
k

p A k tω
=

 = +  
∑

Cavities oscillate in phase, with equal amplitudes.

They are always on so fast filling/draining is not an issue.

High-Q: perhaps amplitude and phase stability aren’t too hard to 
manage?
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How it works: pT kick vs. time
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Note the presence of evenly-spaced “features” (zeroes or spikes) 
whenever ( )1
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Bunch timing

N=16

( )
0

0

1sin
2

sin 2

N t
A

t

ω

ω

  +    

Bunches pass through kicker during a spike, or a zero in pT.

Things to notice:
• one 337 nsec period comprises a spike followed by 2N zeroes
• “features” are evenly spaced by ∆t = 337/(2N+1) nsec
• N=16 yields ∆t ~ 10 nsec; N = 32 yields ∆t ~ 5 nsec 
• height of spike is A(2N+1)

Damping ring bunch spacing of 337/(2N+1) nsec means that 
every (2N+1)st bunch is extracted.
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Extraction cycle timing
Define bunch spacing ∆ ≡ 337/(2N+1) nsec .

Assume bunch train contains a gap of (337 – ∆) nsec between last 
and first bunch.

1. First deflecting magnet is energized.

 

first 
bunch

last 
bunch 
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Extraction cycle timing

2. Second deflecting magnet is energized; bunches 0, 2N+1, 
4N+2,… are extracted during first orbit through the bypass.

 

bunches 
0, 2N+1, 4N+2,... 
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Extraction cycle timing

3. Bunches 1, 2N+2, 4N+3,… are extracted during second orbit 
through the bypass.

 

4. Bunches 2, 2N+3, 4N+4,… are extracted during third orbit 
through the bypass.

 

5. Etc. (entire beam is extracted in 2N+1 orbits) 
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Injection cycle timing
Just run the movie backwards…

 

 

 

With a second set of cavities, it should work to extract 
and inject simultaneously.
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Some of the fine points

1. Effect of finite separation of the kicker cavities along the 
beam direction

2. Arrival time error at the kicker for a bunch that is being 
injected or extracted

3. Finite bunch length effects when the kicker field integral is 
zero 

4. On the matter of instabilities
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Finite separation of the kicker cavities
 

... 

Even though net pT is zero there can be a small displacement 
away from the centerline by the end of an N-element kicker.

For N = 16; 50 cm cavity spacing; 6.5 Gauss-meter per cavity:

Non-kicked bunches only 
(1, 2, 4, … 32)
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Finite separation of the kicker cavities
 

... ... 

Compensating for this: insert a second set of cavities in phase
with the first set, but with the order of oscillation frequencies 
reversed: 3 MHz, 6 MHz, 9MHz,… followed by …, 9 MHz, 
6 MHz, 3 MHz.

Non-kicked bunches only 
(N = 1, 2, 4, … 32)
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Arrival time error at the kicker for a bunch 
that is being injected or extracted

What happens if a bunch about to be kicked passes through the 
kicker cavities slightly out of time?

For 16-cavity, 6.5 Gauss-meter per cavity kicker:

N=16 Field integral is parabolic near peak:
~104 – 1.2δ2 Gauss-meter (δ in nsec).

100 ps error: 1.2 × 10-2 Gauss-meter error

(max allowed error ~7 × 10-2 Gauss-meter)

TESLA bunch length ~20 ps.

Not a problem!
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Finite bunch length effects when the kicker 
field integral is zero

TESLA bunch length in damping rings: σz = 6 mm (20 ps)

Bunch center sees different average pT than bunch head/tail:

±0.07 Gauss-meter

this bunch is extracted

Effect from first orbit only is shown!
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Finite bunch length effects

Most bunches make multiple passes through the kicker. 

Cumulative effect before extraction depends on:
• horizontal machine tune (an error in angle induced in one orbit 

can return as an error in position in the next orbit)
• synchrotron tune (an electron’s longitudinal position oscillates 

from head to tail) 

TESLA damping ring tunes for current design
• horizontal: 72.28
• synchrotron: 0.10 
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Finite bunch length effects

We need to model this better 
than we have so far. 

Very naïve version: 
• integral horizontal tune
• 0.10 synchrotron tune

±0.07 Gauss-meter limits shown



George Gollin, The Wild, Wild West… March, 2003126 IPhysicsPIllinois

Finite bunch length effects
Correcting for this with a single rf cavity on the extraction line 
(pT kick is zero for bunch center, with negative slope):

almost works…
worth some thought.

(probably works less 
well with realistic 
horizontal tune.)
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On the matter of instabilities

Who knows?

One point to bear in mind: a bunch makes at most 2N+1 orbits 
during the injection/extraction cycle.

Beam loading changes with each orbit.

Perhaps some instabilities will not grow so quickly as to cause 
problems??
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What we’ve been doing
Gollin and Junk have been discussing simple models and 
running simple simulations (finite bunch length effects, effects
on beam polarization,…).

Dave Finley, Don Edwards, Helen Edwards, Joe Rogers, Mike 
Haney have been offering comments and instruction concerning 
accelerator physics and our ideas.

What we haven’t done: 
NO investigation of realistic electromagnetic oscillators 
(frequency is quite low: build from lumped elements?)
NO investigation of effects of realistic horizontal tune on bunch 
length effects
NO inclusion of any sort of realistic damping ring model.
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So far so good…

…but we have a lot of fine points to investigate.

An ambitious goal: make the bunch spacing small enough so that 
the damping ring could fit into the HERA or Tevatron tunnel 
(~6km). 

We’re starting to discuss this with our more knowledgeable 
colleagues at Fermilab, Cornell, SLAC, DESY,…

Who knows? Maybe it can be made to work!
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Summary/conclusions

The participation of North American university groups in Linear 
Collider R&D has increased by 50% in the last twelve months. 

Some of us are collaborating to form a grass-roots network of 
participants who may bring to the work a spirit of independence 
and engagement. This sense of ownership of the entire project 
may increase its chances for success.

To date, the naturalness of the effort, with easy collaboration in 
the context of our shared goals, has been encouraging.

The technical aspects of the work are exciting, and their appeal
nicely complements the drive to pursue the longer term physics 
goals of the linear collider.
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