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Nature still has many surprises left for us. Discovering them is
increasingly difficult (and expensive) as we dig deeper into the
foundations of the universe. The next discovery steps must be
planned carefully, using all available information to increase the
chance of success. At the same time, overcautious delays could 
prevent the field from remaining sustainable.

Many questions posed by the recent revolution in particle
physics will be answered in the years following the turn-on of the
Large Hadron Collider at CERN in Switzerland in 2007. However,
those answers will not be enough to complete physicists’ under-
standing, and will raise new questions for post-LHC study.

How should that study be conducted? The particle physics com-
munity has come to the consensus that a linear electron-positron collider is the tool needed to
augment the LHC. This issue of symmetry presents aspects of linear collider R&D as over 500
members of the global particle physics community converge on Snowmass, Colorado, for the two-
week 2005 International Linear Collider Physics and Detector Workshop and Second ILC
Accelerator Workshop.

Funding an elaborate, expensive linear collider will require significant international cooperation.
Going forward requires a convincing argument that demonstrates the real need to reveal the 
universe’s mysteries, and which explains why a linear collider is the best machine to achieve that aim.
An upcoming report commissioned by the US Department of Energy’s High-Energy Physics
Advisory Panel (HEPAP) will make the case for a linear collider within the context of physics’ big
questions, and in the light of the LHC’s imminent start-up. Beyond that, society must agree on 
the need for the ILC.

A second report, coming from the EPP2010 committee of the esteemed National Academy of
Sciences, will be an important resource for funding agencies. It will examine how the needs of par-
ticle physics fit within the framework of the rest of science. As a knowledgeable, independent 
body looking at particle physics from the outside, EPP2010 is well-placed to make this assessment.

But funding agencies also require proof-of-principle demonstrations and thorough plans. The
Snowmass meeting will make a huge leap toward a final design concept for the ILC and identify the
R&D still necessary for the machine.

Whether a linear collider is ever built will depend on what the science says is necessary and
whether physicists can convince society that answering the universe’s scientific questions is 
of sufficient value. The challenges are great, but the potential reward of a new world of under-
standing is enticement enough to tackle them head-on.

David Harris
Editor-in-Chief
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commentary: benn tannenbaum

The Process Counts
Particle physics and politics. At first blush, it’s
hard to imagine two more dissimilar fields of
endeavor. Certainly, politicians roam the coun-
tryside looking for campaign contributions, 
and physicists sometimes roam the halls of
Congress looking for funding, but are there
any real similarities?

I’d like to think so. Take the search for the
top quark: Single events here and there were
interesting, but not sufficient to make a claim.
In the end, it took the analyses of two compet-
ing experiments to provide the community with
compelling evidence.

Policy is usually formed in a similar fashion.
No politician—at least none that wants to get
re-elected—carves out a position based on the
input of one or two constituents. A politician
holds a finger to the wind, talks to informed
colleagues, listens to experts, and then decides
what to do. It’s a process, not an event.

There are exceptions, of course. Lobbyists
and campaign contributors can and do sway
events in Washington, DC. But the same thing
happens in particle physics: Witness the more
than one hundred papers that purported to
explain a single, unusual event recorded by the
CDF experiment in 1995.

Scientists—including physicists—are not aver-
age constituents. By remembering that Maxwell’s
equations are neither liberal nor conservative,
that Newton’s Laws are the same for Republicans
and Democrats, and that the Second Law of
Thermodynamics cannot be repealed, physi-
cists can use their knowledge of and insights
into the world around us to help the govern-
ment formulate public policy.

Instead of focusing on politics, which is per-
sonal and based on opinions, physicists should
focus on policy, which is a combination of facts
and values. This is where, I believe, scientists
can be most effective: We are “fact people.” Get
labeled as a member of a political party and 
you are one of fifty million people on either side
of an issue. Get labeled as someone who
knows the facts—and their implications—and
you are now a member of a much smaller and
more useful group.

You can start by working with the people you
elect—your Senators, your Representatives, 
your state and local elected officials—regardless
of how much you agree or disagree with them
overall. It’s highly unlikely that you’ll agree with
someone all the time, so instead find areas of
common interest and work there. There is a limit
to the number of times that scientific input can 
be ignored before real change is demanded—if
policy-makers have access to the information. 

There are two main ways: public advice and
private advice. The public method is one often
followed by the American Physical Society’s
Panel on Public Affairs. They assemble a panel
of experts, produce a report, and brief the
results to anyone who will listen. Individuals also
can shape public opinion—by building relation-
ships with journalists, editors, columnists, and
others. This isn’t easy, and it requires a great
deal of follow-through. Not only do you need to
get them the information, you also need to help
them understand it; the pace of progress in 
science is simply too fast for any one journalist
to stay current in all fields. 

The private method of advice requires build-
ing a one-on-one relationship with your
Member of Congress and/or his or her staff.
Most Members are interested in hearing from
constituents, and they are especially keen to
hear from faculty at universities located in their
districts or states. Pick a topic that is of interest
to the Member (based on committee assign-
ments, press releases, etc.; the Member’s web-
site is a good source of information) and one 
to which your expertise is relevant, and write
him a letter describing the science. Offer to come
to Washington to brief her. Talk to the appropri-
ate staff. Perhaps the most important effort 
is to try to meet with the Member when she is
back in her Congressional district. The goal is 
to develop a relationship with the staff and the
Member so that you are one of the people 
they call for advice. It’s not an easy task, but
not an impossible one either. The benefits are
both an impact on policy in general, and the
ability to be more influential on science funding.

So what about that unusual CDF event? It
turned out that it is unclear whether one of the
particles observed really is an electron. Events,
both in particle physics and politics, aren’t
always what they seem to be. It’s the process—
not the event—that is the most important.

Benn Tannenbaum received his PhD in particle physics in
1997. In 2002, he was named American Physical Society
Congressional Science Fellow and worked for Representative
Edward J. Markey (D-MA) on nonproliferation issues. Today,
he is at the Center for Science, Technology and Security
Policy (CSTSP) of the American Association for the
Advancement of Science. His duties include drafting policy
briefs, tracking legislation, and serving as liaison with the
security policy community.
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signal to background

DZero physicists issue humorous warning; linear collider creates pile of

publications; Caltech scientist joins videoconference at 40,000 feet; 

KEK provides reeds for restoration of thatched-roof house; Tevatron enters

“femtobarn era;” SLAC’s battle with balloons for LCLS site; letters.

Foiled car foils
attempt to 
monopolize parking 
In mid-June, Fermilab employ-
ees got a surprise as they drove
through the DZero parking 
lot. Sitting in a prime spot in
the small parking lot in front 
of the main building was a 
car, completely covered in alu-
minum foil and adorned with
decorations. A note, taped to
the hood, encouraged passers-
by to add their own removable
message or decoration.
Someone brought balloons,
quickly withering in the sum-
mer heat; others had written
strange messages such 
as “Rooster, Rooster, Rooster”
in various places on the foil. 

“All of the players in this
drama are DZero collaborators,”

said Greg Davis, a member of
the DZero team. 

The car belongs to DZero
physicist Marc-Andre Pleier,
and his colleagues decorated
it while he was out of town.
The mastermind in this opera-
tion, Jeff Temple, had explained
to Pleier that “if you are leav-
ing for a long time, you should
park in an out-of-the-way
place,” because the lot serves
many employees and visitors. 
Pleier ignored this advice 
from his colleague, and 
he was in for a great 
surprise upon his 
return. (His 
reaction was 
not available 
in time 
for this 
issue.)

“I knew that Pleier would be
out of town for a few weeks
after the DZero conference in
Vancouver,” said Temple, “so his
car became a tempting target.” 

And so the car served as a
humorous warning to others
who wish to monopolize prime
spots.
Amelia Greene
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Collaborating at
40,000 feet
Phillipe Galvez wasn’t even
supposed to be on the flight.
After a delay of his original
flight, from Los Angeles to
Frankfurt, he was placed on 
a flight to Munich. While
watching the airline’s mun-
dane beginning-of-flight
video, Galvez and others saw
an advertisement for wireless
Internet connectivity available
throughout the plane. 

“Everybody immediately
jumped out of their seats to
get their laptops,” recalls
Caltech’s Galvez. “After I paid
my $29.95, the first thing 
I did was instant-message my
wife and hook up my Webcam
so the kids could say ‘hi’ to
papa on the plane.”

Next Galvez visited the 
virtual headquarters of Virtual
Room Videoconferencing
System (VRVS), a Web-oriented
system first developed for 
the high-energy and nuclear
physics communities.
Collaborators from California,
Geneva, and Slovakia were
rather surprised to see Galvez
appear on their screens, and
his seatmates were astonished
to see him get out his head-
phones and webcam and start
talking to people on two conti-
nents, in the first VRVS video-
conference from 40,000 feet.

“The people near me looked
at me as if I came from Mars.

It didn’t help that I got out my
camera and started taking 
pictures to immortalize the
event,” says Galvez, who has
since learned that not all
flights, including his original
flight from Los Angeles to
Frankfurt, carry the technology.
On your next transatlantic or
transpacific flight, check for
the availability of this service:
You might be able to make
that videoconference after all
—with the blessing of your 
seatmates and enough battery
power.
Katie Yurkewicz, Science
Grid This Week

Researching the ILC
Research papers are tradition-
ally written about data gathered
in an experiment. However,
research papers are also pub-
lished before an experiment
has even begun, and the
International Linear Collider 
is an example. 

Theorists have been think-
ing—and writing—about ILC
research for over ten years. This
section of physics literature
has become an important one,
long before the first shovelful
of dirt has been moved.

A spires search finds over
1200 papers with titles that
include ILC or the acronyms of
two of the earlier design stud-
ies, NLC (Next Linear Collider)
and TESLA (TeV-Energy
Superconducting Linear

Accelerator). For a machine
that is not yet built, or even
designed, it may seem a bit
odd to find so many papers
already written about it.

Over half of the papers, not
surprisingly, are design-related,
reporting on microwave and
radio-frequency systems, elec-
tron beams, and other aspects
of accelerator design. Some 
of the papers date back to the
late 1980s.

Perhaps more surprising,
though, are the 200 or so
papers about topics such as
supersymmetry, the Higgs
boson, and large extra dimen-
sions. These papers describe
the possible discoveries that
could be made at a future 
linear collider. For example,
Physical Review D 52:1418
(1995), “Testing Supersymmetry
at the Next Linear Collider”, 
by Feng, Peskin, Murayama,
and Tata, has accumulated
over 100 citations. Papers
like this explore the scientific
capabilities of the colliders,
and they are crucial to the
ILC project.

Of course, no one knows
for sure what the ILC will dis-
cover when it is turned on, 
but by making these types of
simulations and predictions,
theoretical physicists influence
the design of the machine
and provide the scientific basis
for its construction.
Travis Brooks, SLAC
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signal to background

Tied with reed
What do a 200-year-old
thatched-roof house and a
modern high-energy-physics
laboratory have in common?

Kunihiro Ando, a professor
of Japanese traditional folklore
at the University of Tsukuba,
found the ties.

Every summer, the vast area
of the KEK campus is covered
with thick reeds and pampas
grasses. Ando was looking for
an untamed field of reeds to
mow, for use in restoring the
roofs of the old houses in a
nearby town, Yasato. He found
the solution in KEK.

Led by Ando, his students
and members of the thatched-
roof preservation association
of Yasato came to KEK for the
reeds last December, and a
craftsman used the grasses to
repair the roofs of the houses
of the Edo era.

Yoji Totsuka, Director
General of KEK, visited the
restored houses and was
amused. “I did not quite expect
the fundamental physics labo-
ratory would contribute to the
folklore in this way,” he said.

“I’m sure KEK will keep tying
the knot of tradition.”
Youhei Morita, KEK

Collisions galore
In May, Fermilab accelerator
experts began to speculate
about when the Tevatron col-
lider would hit the inverse
femtobarn mark, a measure 
of the gazillions of collisions
produced since March 2001.
Rumors about scientists bet-
ting on the exact date began
to spread and, by the middle
of June, the CDF and DZero
experimenters knew that the 
“femtobarn era” was within
reach. But with the Tevatron

operating 24/7, would it hap-
pen on a weekend or perhaps
in the middle of the night?

Circling the Tevatron ring at
close to the speed of light, 
the protons and antiprotons of 
collider store 4233 pushed 
the collision total for both CDF
and DZero experiments past
the historic mark on Friday,
June 24, at 3 p.m. 

The timing couldn’t have
been better. Half an hour later,
more than a thousand employ-
ees and experimenters from
collaborating institutions began
to gather for a champagne-
and-brownies celebration in the
atrium of Wilson Hall. 
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In 2001, the lab still meas-
ured the number of collisions 
in inverse nanobarns, or mil-
lionths of an inverse femtobarn.
Since then it has boosted the
performance of the Tevatron,
and it plans to collect another
seven inverse femtobarns 
by 2009.

Rumor has it that some sci-
entists have already begun
betting on the exact dates of
the new set of milestones.
Kurt Riesselmann

Party poopers
Busloads of new Stanford
graduates and their families
admired the field of golden
grass on SLAC’s eastern-most
hill on a sunny Saturday in
May. But their stunned tour
guides looked in dismay as
they sought 50 bright red 
balloons, intended to outline
the 100,000 square feet of 
the future Linac Coherent
Light Source (LCLS) building.

Earlier that morning, 
SLAC volunteers had fixed 
the helium-filled balloons
above the freshly mown

grass to give an impression of
the planned building’s size.
The LCLS building will house 
the controls of the world’s 
first “hard” x-ray free electron 
laser, which generates pre-
cisely-controlled, high-intensity,
ultrashort x-ray light pulses
using a high-energy electron
beam.

Sadly, stronger-than-
expected bay winds knocked
the helium-filled balloons onto
the dry, prickly grass, and 
all except one popped before 
the first tour began at 1 p.m.,
leaving the lone balloon to
greet the guests.

But never underestimate the
tenacity of SLAC physicists. 
For a special event twelve days
later, they outlined the future
LCLS site with orange plastic
fencing and blue balloons
mounted on tall stakes to cre-
ate a life-sized map of the
structure that will take shape
for the facility’s start-up in 2009. 

“This time, they all survived
like a charm,” says SLAC
physicist Paul Phizackerley,
who came up with the idea.
Guests gazing over the 
same hill can now see more
than just grass growing.
Monica Bobra

Letters

Secret color code
Thank you for a charming issue on neutrinos (May 2005). The use of jelly beans of different colors
to convey the notion of the various flavors of neutrino is very sweet and engaging. 

I am curious about the actual choice of colors. Is there a message in the fact that yellow and
pale blue are two of the three subtractive primary colors, producing green when combined in 
equal proportions? Is this the secret of oscillations, or related to the possible Majorana nature of
neutrinos, or merely an indication of your favorite flavors of jelly bean?
Peter Rosen, DOE, Washington, DC

Great minds think...
I want to point out for the record that the cover of the June/July
issue of symmetry appears to have been “heavily inspired” by 
the cover of the recent SLAC report SLAC-R-709, The Discovery
Potential of a Super B Factory.
David Hitlin, SLAC/Caltech

Editor’s note: The similarity between the covers seems to reflect only a convergence of ideas. The
issue of symmetry was on press before we were aware of the illustration on the SLAC report’s cover.

Correction: The photo caption on page 25 of the June/July 2005 issue should have read “Members
of the ATLAS collaboration gather at CERN.”

Letters can be submitted via letters@symmetrymagazine.org
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voices: public participation

Is public participation
compatible 
with good science?
Although the answer to this question is unequivo-
cally yes, the question is actually moot. The
public (either directly or through the political pro-
cess) are already involved in scientific decisions.
The problem is that public involvement often
takes forms–politics, special-interest lobbying,
media campaigns, protests, and lawsuits–that 
in many cases serve neither science nor the public
very well. Stem cell research, genetically modified
foods, and the demise of the Superconducting
Super Collider (SSC) offer vivid examples of how
poor public process can produce misunder-
standing and fear, with serious consequences
for science. 

We can do better. However, engaging the
public effectively in science decisions is neither
obvious nor simple. The first step, and in some
ways the most difficult, is acceptance by the sci-
entific community that the public has a legitimate
role in the conceptualization and application of
science. The journal Nature articulated this view
in an October 21, 2004, editorial: “On an ethical
and political level, the research community has
no right to reject public involvement outright.
Taxpayers fund research, buying themselves the
right to help shape its course.” Second, scien-
tists must recognize the potential value of public
participation. Public engagement in scientific
decisions, if done well, will in fact result in better
decisions for science.

Let’s address a common fear up front. We are
not suggesting that the public be invited directly
into laboratories to make day-to-day scientific
decisions (although laboratory tours are a good
way to help demystify the scientific process).
Instead, we need to engage the public in the up-
front policy and ethical parameters of science
where they are fully capable of providing mean-
ingful input. 

In the end, it is the public who will decide the
degree to which they are willing to support 
scientific research and accept its results, or to
reject support for science and its results as

outside their social, ethical, or moral norms (as
has happened in the case of genetically modified
foods). The more that the public understands
and feels connected to advances in science, the
more likely they are to support it and to embrace
its outcomes. 

Effective public engagement does not happen
by itself. It requires a sincere long-term com-
mitment by scientists and scientific organizations.
Nature identified two important factors: “The
processes must be long-term and properly funded,”
and “More importantly, the funding organizations
must make a genuine commitment to react to
the results of engagement processes.”

Fermilab came to this conclusion several years
ago. It decided to put conviction into practice 
by engaging the local public in deciding how they
would be involved in decisions facing the labo-
ratory. That’s right: public participation in order to
design public participation. The results confirmed
the value of the process. Not only did the com-
munity provide specific and insightful input into
how they would like to be involved in decision-
making, they also rallied around Fermilab as a
community asset and provided insights into 
how to improve existing community relationships.

This is a critical time for the high-energy
physics community to examine its relationship
with the public. Physicists have agreed that
building an International Linear Collider is the
logical next step in advancing the understanding
of the universe. Public participation for the ILC
needs serious consideration starting now. Public
participation is a process, not an event. It involves
a long-term commitment in time and resources
not only to inform the public but to build the
types of relationships needed to make a large
international scientific project a reality. Points 
to consider:

Participation is not persuasion: The goal
of public participation is not to persuade the
public, but to provide the information and under-
standing needed for them to reach their own
conclusions.

Transparency is essential: Good informa-
tion is the lifeblood of any participation process.
People need all the facts if they are to provide

The International Linear Collider will cost billions of dollars, paid for by taxpayers.

Douglas Sarno, a consultant on public participation projects, explains that the

public has a legitimate right to help shape the ILC’s course. The time is now to

inform the public and to build the types of relationships needed to make a large

international scientific project a reality.
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access to the project so that they understand that
no secret information is driving decisions.

Public participation should focus on
appropriate questions: The public cannot and
should not be involved in all aspects of science.
How questions for public input are framed will
determine the value of the input and the level
of influence, as well as the public’s satisfaction
that they have been able to influence decisions
in an effective and appropriate way.

All segments of society should be
engaged: If not, only those opposed to projects
will be heard. The rest will lack the information

and background needed to understand the
arguments being proposed, allowing fear and
misunderstanding to undermine a project.

Public participation is not only compatible
with good science, it is essential for a science
project on the scale of the ILC. Meaningful 
public participation from the start will yield better
results than the damage control that will inevitably
result from trying to go it alone.  
Douglas Sarno

Douglas Sarno is a principal at The Perspectives Group, a
consulting firm in Alexandria, Virginia. In 2004, The Perspectives
Group coordinated the year-long Fermilab Community Task
Force on Public Participation.

Members of the Fermilab Community Task Force on Public Participation met for the first time in February 2004. 
Top photo: Jeff Schielke, Mayor of Batavia, talks to fellow task force member Barb Zeitz, St. Charles. Bottom photo:
Fermilab physicist Roger Dixon (right) listens to John Fildes, a resident of Batavia.
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Particle collisions, like this sim
ulation of a linear collider’s production 

of a H
iggs particle and a Z

boson by S
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C
 physicist N
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ill
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inate the physics of the Terascale.
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In February, the Department of
Energy’s Office of Science and the
National Science Foundation asked
the High Energy Physics Advisory
Panel “to form a committee to write
a document” that addresses the
synergies and complementarities 
of the Large Hadron Collider, now
under construction at CERN, and
the proposed International Linear
Collider. The report, to be published
in early fall 2005, will describe the
role of the next generation of particle
accelerators in addressing the key

questions of particle physics today.
As the report will make clear, the
answers to many of these questions
seem to lie in still-undiscovered
phenomena at a range of very high
energies called the Terascale, a 
scientific terra incognita that the
next generation of particle accelera-
tors will explore.

The sun warms planet Earth, but the tempera-
ture in the surrounding universe is only three
degrees above absolute zero. Its energy is so low
that we can no longer see what space con-
tained in the inferno of its birth. As the universe
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Back to the big bang: Particle accelerators allow physicists to look 

farther and farther back in time, to revisit the high energies of the 

early universe after the big bang. Do the four forces we observe today–

gravity, 
the electromagnetic force, and the weak and strong forces–

converge to a single unified force at ultrahigh energy? Particle collisions

may provide the first evidence for such unification of forces.
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cooled from the big bang, it passed through 
a series of phases, each at a lower energy 
and each with its own set of particles and forces
acting according to its own physical laws.

Particle accelerators give us the opportunity
to go back and revisit the higher energies of
our ancestral universe, to observe phenomena
no longer visible in our own era. These high-
energy phenomena matter to us, because our
universe today still feels their imprint. The 
order behind what appears arbitrary in our own
universe becomes clear at higher energies.

For example, many theories predict that at
the extreme energy just after the big bang 
all of nature’s forces were combined in one 
single unified force, which split into the four
forces that we know today as the universe

cooled. By reconnecting to the early universe,
we may learn how gravity connects to electro-
magnetism as different aspects of a single prin-
ciple of nature.

Since the first cyclotrons of the 1930s, parti-
cle accelerators have been our passports to
higher and higher energies. Our entire picture
of the structure of matter, with its fundamental
particles and forces, has emerged from the
increasing energies of particle collisions. Each
generation of accelerators has built on the 
discoveries of previous generations to take 
us deeper into the mystery and beauty of the
universe.

Now, a new generation of accelerators with
the highest energies yet will open up for explo-
ration a region of energy—the Terascale—that

HEPAP Subpanel members

Jonathan Bagger (Johns Hopkins)

Barry Barish (Caltech)

Neil Calder (SLAC)

Jonathan Feng (UC Irvin
e)

Fred Gilman (Carnegie Mellon)

JoAnne Hewett (S
LAC)

John Huth (Harvard)

Judy Jackson (Fermilab)

Young-Kee Kim (Chicago)

Rocky Kolb (Fermilab)

Joe Lykken, co-chair (Fermilab)

Konstantin Matchev (Florida)

Hitoshi Murayama (UC Berkeley)

Jim Siegrist, co-chair (UC Berkeley)

Paris Sphicas (CERN/Athens)

Rainer Weiss (MIT)
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has ten thousand trillion times the energy of
space today. By taking us to this new scientific
territory, these will allow us to discover the
quantum universe. Postcards from the Terascale
will answer basic questions at the heart of par-
ticle physics.

Moreover, the Terascale is not the end of the
story. Discoveries there may reveal phenomena
occurring at scales of energy so high that no par-
ticle accelerator will ever achieve them directly.
Such postcards from the Planck scale once
seemed an unreachable fantasy. Forwarded from
an address in the Terascale, they may one day
arrive.

As a telescope to the beyond, a linear collider would have the potential to

see from the Terascale into ultrahigh energy realms where physicists believe

all of nature’s forces become one.
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For the last seven years, Lutz Lilje, at the
German laboratory Deutsches Elektronen-
Synchrotron (DESY), has focused on

developing the technology to build the core
devices of the ILC: high-performance supercon-
ducting cavities, used to accelerate particles.
Throughout this time, he has been part of an
increasingly international effort. 

“My entire PhD research depended on inter-
national collaboration. It was great,” says Lilje,
who graduated from the University of Hamburg
in 2001. “In the early nineties, the TESLA co-
llaboration at DESY began to bring together the
best technologies to improve the performance 
of these cavities. As a PhD student, I traveled
three times to KEK [in Japan], visited CERN
many times, and conducted measurements at
[the French laboratory] Saclay. The Japanese
already worked together with industry, and at
DESY, we were going to learn the process.”

Cavities are devices that shape the electric
fields needed for the acceleration of particles.

14

The idea of building cavities from supercon-
ducting material goes back to the mid-1960s.
Since then, scientists in the United States,
Europe, and Japan have advanced the technol-
ogy intermittently. In 1990, the late physicist
Bjørn Wiik, who was DESY’s director from 1993
to 1999, formed the international TESLA collab-
oration to organize the R&D efforts. 

As a PhD student and a member of TESLA,
Lilje examined cavity surfaces, which greatly
affect cavity performance. Tiny impurities in the
material and irregularities in the smoothness 
of the surface decrease the acceleration effi-
ciency of a cavity. Lilje’s research focused on
the latest technology to improve TESLA cavities,
explored first by scientists at KEK: electropol-
ishing of the surfaces.

“Electropolishing is an important piece of the
puzzle,” says Lilje. “It is a very exacting technol-
ogy. It took a lot of effort to learn how to repro-
duce the Japanese results and to refine the
technology with their help.”

Today, Lilje is a staff scientist at DESY, and
the TESLA cavities consistently produce an
acceleration with 25 million volts per meter. DESY
will use the technology for the accelerator of 
its X-ray Free Electron Laser (XFEL), an instru-
ment that will enable researchers in biology,
material science, and other fields to study ultra-
fast processes at the nanoscale. 

Together with its partners in research and
industry, DESY will produce 1000 superconduct-
ing cavities. In contrast, the ILC will require
some 20,000 cavities, with design and perform-
ance even better than the XFEL cavities. 

Lilje, who recently won this year’s Bjørn Wiik
prize for “outstanding contributions to the
advancement of research programs or technical
development projects at DESY,” now works on
both projects, maximizing the synergy between
the two. For the XFEL, he is responsible for the
frequency tuning of the cavities. For the ILC, 
he is involved in the Global Design Effort (GDE)
to establish a reliable cavity performance of 
35 million volts per meter, already achieved by 
a few TESLA prototypes.
Kurt Riesselmann

Designing the International Linear Collider is a global enterprise.
Physicists and accelerator experts from around the world are 
collaborating to design the approximately 25-mile-long machine. 
A similar effort is under way for the design of the ILC detector,
which will record the “subatomic messengers” produced by the collider.
symmetry talked with six of the hundreds of scientists who are
contributing to the collider design.

Lutz Lilje, DESY

Polishing the limits

Global ILC Efforts



Chris Adolphsen, SLAC

Power for cold structures

As a postdoctoral fellow based at Stanford
Linear Accelerator Center in the 1980s, 
Chris Adolphsen helped build detector

components for the Mark II experiment, which
used the world’s first–and still the only–large-
scale linear collider. He’s been in the linear col-
lider business ever since.

Because the Stanford Linear Collider (SLC)
didn’t operate as smoothly as expected in the
beginning, the lab recruited Adolphsen and other
postdocs to help find and solve the problems.

“Our motivation was to get enough luminosity
from the machine to see collisions in our detector,”
he says. “The early difficulties in running the
SLC forced a lot of innovations.”

Adolphsen, now a SLAC staff scientist, has
been making those innovations for almost two
decades–improving the SLC and developing a
next-generation linear collider. Until August
2004, when a physics panel chose “cold” super-
conducting technology for the ILC, his work
focused on the radio-frequency (rf) technology
for a “warm” electron-positron collider. 

Initially shocked by the cold decision, Adolphsen
quickly moved on and turned his skills and expe-
rience to designing and testing rf power sources
(which operate at regular temperatures) for
superconducting accelerator structures. These
structures require microwaves with a lower 
frequency than the warm-technology structures. 

To accelerate electrons and positrons to nearly
the speed of light, scientists use microwaves 
at radio frequency to push particles through hol-
low accelerator structures, known as cavities.
Specially-designed rf power sources convert wall-
plug power into high-voltage pulses and produce
microwaves in klystrons for the particles to 
ride on.

As head of linac rf systems, Adolphsen is
setting up an L-Band Test Stand using 1.3 giga-
hertz klystrons, which are ideal for the ILC. 
He hopes his work will help reduce the power
and the cost of building and operating the ILC,
making the machine more feasible. “The rf
power sources account for about one third of the
linac construction cost. We want to design 
rf sources that work efficiently, reliably, and
cheaply,” he says.

The test stand will examine the couplers that
guide rf power into each accelerator structure.   

“The ILC will have 20,000 structures, with a coax-
ial coupler for each one,” he says. One goal is 

to understand why the couplers currently need to
be seasoned for 100 hours, at great energy cost.

Adolphsen and his colleagues will also use
the test stand to experiment on warm accelerator
structures, which will be used in the first few
hundred meters of the ILC to strongly focus
electrons to create the positron beam.

Reflecting on almost twenty years of working
with linear colliders, Adolphsen believes SLAC
physicists have hard-earned experience that will
be valuable in designing the ILC.

“You have to work on a system hands-on to
understand operations, to make the machine
reliable. That’s really what SLAC has to offer,”
he says.
Heather Rock Woods

15

sy
m

m
et

ry
 | 

vo
lu

m
e 

02
 | 

is
su

e 
06

 | 
au

gu
st

 0
5

P
ho

to
: D

ia
na

 R
og

er
s,

 S
LA

C



P
ho

to
: H

iro
sh

i F
uk

ud
a,

 K
E

K

W hen Masao Kuriki began his scien-
tific career, his research focused

on the particles exiting an accelerator.
Today, his research interest has shifted in the
opposite direction and he studies particle beams
entering an accelerator. 

In the 1990s, first as a PhD student and then
as a young postdoc, Kuriki studied the collisions
of powerful particle beams with targets at SLAC
and at Brookhaven National Laboratory. But for
the last six years, Kuriki’s research focus has
been on accelerators themselves and the prop-
erties of the particle beams entering accelerators. 

Kuriki, a graduate of Tohuku University, joined
KEK’s Accelerator Test Facility (ATF) in Japan
as a staff scientist in April 1999, working on linear
collider R&D. Today, he is the Asian leader for
the ILC working group on beam sources, injectors,
damping rings, and bunch compressors, and he
coordinates the KEK efforts with group leaders
in the United States, Europe, and other Asian
countries.

“My first job at ATF was to study the stability
of the linear accelerator,” says Kuriki. “At that
time, I did not expect to become the leader of 
a linear collider working group.”

His appointment as the leader of one of the
five ILC working groups came in September
2004, when KEK management reorganized its
linear collider research in response to the world-
wide adoption of the superconducting technology
for the ILC. 

Kuriki and his colleagues have taken the lead
in developing the several-mile-long ILC damp-
ing rings that shape the electron and positron

beams before their injection into the main linear
accelerator of the ILC. The exact length and
shape of the damping rings–a circle, a race track,
or a dog bone–depends on the performance 
of the high-speed beam-kicker magnet used to
divert particle beams from the damping rings
into the main linac. Scientists from four labora-
tories–KEK, SLAC, DESY, and LLNL (Lawrence
Livermore National Laboratory)–are developing
the kicker magnet, using the KEK test facility to
study magnet prototypes with a beam of electrons.

Kuriki’s working group is studying the pro-
duction of positrons for the ILC. There are two
methods under consideration: hitting a target
either with gamma rays or with electrons. 

“There are pros and cons to each method,”
says Kuriki, whose group is planning to test the
strength of various targets using the KEK-B
electron beam. “The result of the experiment will
have a strong influence on the decision on the
positron source.”

Although his day-to-day responsibilities are
the technical details of the ILC, Kuriki keeps in
mind the larger goals and challenges of the project.

“The driving force behind the ILC is the physics
motivation,” he says. “The ILC is a huge project
and a challenge to society. It requires combining
resources and researchers from around the
globe. At some point in time, we’ll need to collab-
orate with researchers of other fields, such 
as philosophers and social scientists, to under-
stand the full impact of this enormous endeavor.”
Youhei Morita

Masao Kuriki, KEK

Providing beams for
acceleration
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Kirti Ranjan, Delhi

Alignment at greatest   
precision
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As University of Delhi researcher Kirti
Ranjan explains his work on the ILC, he

s speaks so quickly that it’s hard to dis-
cern where one word ends and the next begins.
Ranjan’s research gives him more than enough
to fill his mind.

Unwilling to limit his research to one area of
physics, Ranjan divides his time between particle
and accelerator physics. “This mixture of studies
has helped me immensely in my research,” Ranjan
says. “The knowledge of accelerator physics
complements the knowledge of particle physics
quite well.” 

In collaboration with colleagues at Fermilab
and the University of Delhi, Ranjan investigates
ways to keep the electron-positron beam highly
focused. This is essential because the ILC’s
unprecedented luminosity requires a very narrow
beam at the interaction point. If even one magnet
or radio-frequency (rf) structure is misaligned,
the beam will disperse as it travels toward the
collision site, resulting in low luminosity.

Perfect alignment is so elusive in high-energy
physics that even the best accelerators operate
with some degree of imperfection. Quadrupole
magnets can rotate, rf structures can shift, and
the girders on which the entire structure sits can
settle. Ranjan’s mission is to curb this imper-
fection as much as the laws of physics will allow.

“Conventional survey and alignment techniques
will not be good enough for the ILC,” Ranjan
says. “Even the smallest misalignments can have
disastrous effects on this type of precision
instrument.”

Ranjan and his group are in the process of
incorporating new beam-based alignment tech-
niques to create the world’s best-aligned 
accelerator. Their design uses built-in diagnostics
to continually check parts for misalignment, 
and remote controls to automatically nudge mis-
aligned parts back into place. 

Using linear-accelerator software developed
at SLAC, Ranjan simulates the best and worst
case ILC alignment scenarios. He then develops
and tests the steering algorithms that will
robotically realign parts within the ILC’s main
accelerator. If everything works properly, these
algorithms will ensure that the beam remains
focused and on track as it passes through the
ILC’s quadrupole magnets.

Identifying the best algorithm is especially
difficult because few of the ILC’s technical

characteristics are currently established–even
the configuration of quadrupole magnets has
yet to be confirmed. As a result, Ranjan must
test each of his steering algorithms on several
different designs, searching for the optimal
algorithm for each configuration.

“With so many unknowns, the ILC will be im-
mensely challenging,” Ranjan says. “But that’s 
to be expected if we want to achieve what’s never
been done before.”
Kelen Tuttle
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For about twenty years, Deepa Angal-
Kalinin has worked in accelerator
physics. Her early career focused on

designing and commissioning the first synchro-
tron light source ever built in India, the Indus
synchrotron radiation facility, and designing the
second synchrotron light source, Indus-2. 

After a year at CERN as a research associate,
where she simulated beam instabilities for the
Large Hadron Collider, Angal-Kalinin became a
senior accelerator physicist at the CCLRC
Daresbury Laboratory in the United Kingdom in
2002. There she leads the linear collider accel-
erator physics design team at the Accelerator
Science and Technology Centre (ASTeC). Her
team works closely on beam-delivery-system
design for the ILC with collaborators from the
United Kingdom, United States, and France.

For the design of the TESLA collider, based
at the German laboratory DESY, scientists 
thoroughly investigated the possibility of head-
on collisions between the two particle beams.
But the head-on approach was dropped due to
technological limitations.

To decide on the baseline configuration for
the ILC, the beam delivery system working group
recommended a hypothetical configuration 
during the first ILC workshop, held at KEK, Japan,
in November 2004. This configuration has the
two long accelerator sections directed at each
other at an angle of 20 milliradians (mrad). The
beams each are split to cross in two interaction
regions (IRs): one IR allows beams to cross at
an angle of 20 mrad, straight out of the acceler-
ators; and another has the beams diverted 
to cross at 2 mrad, to allow the nearly head-on
collisions preferred by the physics community. 

“The 20-millirad design for the ILC is very similar
to the NLC design. It is basically done,” says
Angal-Kalinin, referring to previous work by the
Next Linear Collider collaboration, which was
based in the United States. “We are now working
on a two-millirad solution.”

The small crossing angle concept was first
proposed by French scientists for the CLIC
(Compact Linear Collider) design. The biggest
challenge in the 2-mrad design is to deal with
the highly-disrupted beams after collision as they
pass through the focusing magnets near the
interaction point and through other magnets down-
stream in the extraction line. Because of the
small angular separation, the beams are in close
proximity, and the immense power of the beams
in such a cramped environment creates chal-
lenges. As such, the design requirements for optics
and magnets are very different from the 20-
mrad design. A special task force named SLAC-
BNL-UK-France, after the locations of the main
partners, is working on this design.

The entire ILC collaboration will compare and
discuss the designs in August, when hundreds
of ILC scientists from around the world will meet
for two weeks in Snowmass, Colorado. Angal-
Kalinin will be one of the scientists attending
the meeting.

“Our goal is to finalize the baseline configuration
with 2 and 20 mrad crossing angles for two 
IRs and to get detailed feedback from the detector
and physics community on this configuration,”
she says. “This will enable us to finalize the base-
line design during the Snowmass meeting.”
Kurt Riesselmann

Deepa Angal-Kalinin, Daresbury

Finding the right angle
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Fermilab researcher Nikolai Mokhov is a
man in demand. As accelerator beam
energy and intensity increased sharply over

the past few decades, the ability to keep excess
particles away from detectors became increasingly
important. Leading the field of machine-detector
interfaces, Mokhov’s research is essential for both
today’s and tomorrow’s accelerators.

“Almost every group at Fermilab and the LHC
has asked for my group’s help,” Mokhov says.
But at the moment, Mokhov is consumed with
the calculations, designs, and simulations for
the ILC’s machine-detector interface.

For the ILC, Mokhov’s realm of expertise begins
1800 meters from the collision point. Here, his
interface design begins to strip away the halo of
lower-density particles that encase the high-
density beam. Without Mokhov’s additions, this
halo would obscure detector readings and
could even damage quadrupole magnets down-
stream. For the ILC to work properly, it’s absolutely
critical to reduce the halo by three to four orders
of magnitude. 

In computer simulations, this is precisely
what Mokhov and his team have accomplished.
Mokhov designed a set of metal plates that
physically block excess particles, preventing them
from continuing toward the collision point where
they might interfere with sensitive equipment.
By limiting the aperture, these “jaws”–orcollimators–
will shave off the unneeded particles in the
beam halo while allowing the center of the beam
to travel on, unimpeded. 

While these jaws should successfully remove
the beam halo, their interaction with the excess
halo particles will create a spray of muons at inten-
sities 10,000 times higher than the ILC’s detectors
can handle. To protect the detectors against
these muons, Mokhov and his collaborators at
Fermilab and SLAC are designing 20-meter-
thick steel “spoilers” that seal the entire tunnel
with a magnetic field. As muons travel through
the spoilers–each weighing tens of kilotons–they
will be deflected away from the collision site.

“This isn’t an elegant solution,” Mokhov says. 
“But it does reduce the muon density that
reaches the detectors by four orders of magni-
tude–enough to mitigate the problem.”

Mokhov says that designing collimators and
spoilers for the ILC has been especially difficult
because of the close proximity of the accelerator
components to the detectors. While Fermilab’s

Tevatron leaves about ten meters between the
last accelerator magnet and the detectors, 
the last accelerator components at the ILC will
be inside the detector, only three and a half
meters from the collision point. Because an elec-
tron beam creates synchrotron photons in a
magnetic field, large numbers of these photons
will spray directly into the ILC’s detector. 
To avoid this final source of background noise,
Mokhov’s colleagues designed a second set 
of collimators and spoilers within the detector to
guard against synchrotron photons. 

Mokhov’s computer simulations show that his
team has successfully limited the excess halo
particles, muons, and photons to within acceptable
limits. Now Mokhov will focus on achieving better
than acceptable results.

“The trick now is to suppress these particles
to as close to zero as possible to limit detector
damage,” Mokhov says. Working in collaboration
with accelerator and detector designers around
the world, Mokhov will help ensure that the ILC’s
precision studies will be possible in the decades
to come.
Kelen Tuttle

Nikolai Mokhov, Fermilab

Taming the beam
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Searches for extra dimensions and new par-
ticle interactions are also on the physics menu
for CLIC. Approximately 70 to 80 physicists, many
dedicated to LHC physics and only working
part-time on the CLIC project, developed a sub-
stantial list of scientific goals for CLIC. “All of
the physics goes well beyond what the LHC will
be able to do, but it is also very complementary,”
De Roeck said. 

An alternative technology
If CLIC used the same acceleration technology
as the ILC, it would need to be 118 km long to
reach its energy goal. 

In order to build a 30-kilometer, multi-TeV col-
lider with a proposed luminosity of 1035 cm-2 sec-1,
ten times brighter than SLAC’s PEP-II collider,
scientists would use a novel two-beam accel-
erating technique, distinguishing it from other
proposed projects.

High acceleration gradients (the amount of
acceleration per meter of machine) are necessary
to limit the length of a multi-TeV machine and
its price tag. Such high gradients are easier to
achieve with electric fields oscillating at high
frequency. CLIC physicists selected a frequency
of 30 GHz (gigahertz—billions of oscillations 
per second), aiming to achieve a gradient of 150
million volts per meter. In comparison, the ILC
will operate at a frequency of 1.3 GHz to produce
a gradient of 35 million volts per meter. 

In a conventional linear accelerator, the radio-
frequency (rf) power used to accelerate the
main beam is generated by devices called kly-
strons. They create rf waves in a similar way 
to microwave ovens. Because klystrons use so
much power at high frequencies and a 3-TeV
machine would require so many of them, CLIC
scientists propose an innovative solution based
on a two-beam accelerator scheme. High-inten-
sity, low-energy “drive beams” run parallel to 
the main linear accelerator beams. Power is built
up in the drive beams and then transferred in
quick bursts to the main beams.

“Each drive beam powers a 670-meter-long
section of the main linac,” says Ian Wilson, CLIC
deputy study leader at CERN. “At the end of each
section, the drive beam is sent to a dump and
another drive beam takes over, like a relay race.”

CLIC will require 21 drive beams to reach 3
TeV. The distance between the drive beams and
the main beams is only 60 cm, so the power is
provided near where it is needed. This technique
maximizes the energy transfer from the drive
beam to the accelerated beam, making it an
attractive solution for accelerator experts.

“What we are proposing is very complex,” Wilson
says. “We are really on the cutting edge and
pushing along with the R&D to try to demonstrate
very challenging issues. In the end, we will 
have a very advanced machine.”

CLIC challenges
In 2003, an International Review Committee
consisting of twenty physicists conducted a
review of all technological options for linear col-
liders including CLIC. Gerald Dugan, the newly
appointed Regional Director for the ILC-Americas
Global Design Effort, was a member of the
review panel.

“For approximately the same length of the ILC,
you can have five times more energy with
CLIC,” Dugan says. “This is an advantage, but
there are a number of obstacles. The review
panel established a set of requirements that need
to be satisfied in order to prove that CLIC is
feasible. The CLIC team is working on these
requirements now.”

The panel found that one of the first require-
ments is achieving a high gradient in copper
structures. In order to reach a high gradient of
150 million volts per meter, CLIC uses normal-
conducting cavities instead of the supercon-
ducting cavities for the ILC. But during tests, the
insides of the cavities became damaged. The
CLIC team tested other materials and found that
plating the copper structures with molybdenum
or tungsten may be a solution. “We got very good
results, but for short pulses,” Wilson says. “We
need to confirm these promising results with
longer pulses. If we can get it to work, it will be
a significant breakthrough.”

Another major challenge is the power source
technology. “In principle, CLIC’s two-beam 
technology is very efficient, which is important,”
Dugan says. “But it is also very complicated. 
It is very important that the CLIC team demon-
strates the power source is feasible.” 

Generating the proposed luminosity is yet
another hurdle. “It is very important to reach a
very high luminosity for the given amount of
power,” Wilson says. “For a 3 TeV collider with a
luminosity of 1035 [cm-2 sec-1], the beams 
need to be squeezed down to a nanometer at
the collision point.”
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Jean-Pierre Delahaye, 
CLIC project leader.



A group of 30 full-time-equivalent staff are
currently in the process of installing a new
CLIC test facility (CTF3) in the old Large Electron
Positron (LEP) pre-injector building at CERN.
The test facility will consist of a drive beam accel-
erator, a delay loop, and a combiner ring that
will enable scientists to demonstrate that CLIC
technology is feasible. 

Over the coming four years, the CLIC team
will operate CTF3 to investigate and provide
answers for the key R&D issues. By the end of
2009, just a year before the ILC will have a
detailed engineering design, CLIC scientists hope
to have experimental results that convince the
particle physics community that a 3 TeV machine
can be built.

The collaboration
The CLIC study group has a material budget of
3.4 million Swiss francs (US$2.7 million) per
year for the baseline program. The international
collaboration consists of approximately one
hundred scientists, but very few are working on
the project full time. For Delahaye, establishing
a global collaboration is a main priority. “We are
building a collaboration that is very similar 
to what is done for detectors,” he says. “We are
asking laboratories and institutions to take
responsibility for managing well identified work
packages as parts of the project.”

Institutions from such countries as Finland,
France, Italy, Russia, Spain, Sweden, Turkey, 
the United Kingdom and the United States are
already members of the CLIC collaboration.
Discussions are currently under way with India
and China. In addition to the R&D contribution
of Stanford Linear Accelerator Center, the US
Department of Energy has expressed interest
in having more participation by the United
States on high-gradient R&D for multi-TeV 
linear colliders.

“A number of different countries and labs have
expressed interest,” Delahaye says. “The design
cannot be built for either the ILC or CLIC by one

29

sy
m

m
et

ry
 | 

vo
lu

m
e 

02
 | 

is
su

e 
06

 | 
au

gu
st

 0
5lab, and it shouldn’t be done by one lab alone.

R&D on novel schemes and challenging tech-
nologies require good ideas, which is always
difficult. The good ideas come when we work
together and exchange in fruitful multilateral
collaboration with different countries and labs.”

Let the physics decide
Five years from now, many questions about 
the future of particle physics should be closer to
getting answered. Data from the LHC will be
flowing. The feasibility of CLIC technology will be
known. The ILC will have an engineering design.

Until then, rather than being on two different
teams, ILC and CLIC scientists are working to-
gether for the future of the field.

“We feel that we are all working toward a
common goal,” says Steffen Doebert, a physicist
at SLAC who has worked on both CLIC and
the ILC. “We want to provide a machine for par-
ticle physics, and both CLIC and the ILC are
very interesting R&D projects.”

The overlap between the CLIC and the ILC
teams recently grew stronger. On June 22, 2005,
Barish announced that Delahaye will be a deputy
to the ILC-Europe GDE Regional Director,
Brian Foster.

“CLIC has very good and thoughtful people
working on it,” Barish says. “Both CLIC and 
the ILC can be pursued in parallel in this stage.
The real question is whether you ultimately 
pursue the ILC, and we will know that once we
see the physics from the early years of the
LHC. Nature will have to tell us if it’s the right
machine.”

Like many physicists on the ILC and CLIC,
Delahaye considers himself to be an equal
member of both R&D projects. “We are not com-
peting but working together,” he says. “We are
all convinced that a linear collider needs to 
be built as soon as possible, and we need to work
together to make that happen.”
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A cross-section of the CLIC 
tunnel, which would have 
a diameter of 3.8 meters.

Ian Wilson, CLIC deputy 
study leader.

P
ho

to
: M

ax
B

ric
e,

CERN



Mark I accelerator section:
Professor William W. Hansen
(right) of the Stanford Physics
Department and three of his
graduate students: (left to right)
Stanley Kaisel, Clarence
Carlson, and William Kennedy.
They are holding one of the first
sections of the first Stanford
traveling wave electron linear
accelerator. Eventually 3.6 m
long, the Stanford Mark I could
accelerate electrons to an
energy of 6 MeV. The Mark I
was followed in 1949 by the
Mark II, which was a prototype
of one of the sections of a
planned, much larger machine,
the Mark III. Built under the
direction of R. F. Post, the Mark
II was first successfully oper-
ated in October 1949. Source:
SLAC Archives, ARC127, Slide
2; Stanford photo

The1940s saw the origins of linear electron accelerators that directly
led to the 2-mile-long accelerator at Stanford Linear

Accelerator Center. SLAC archivist Jean Deken presents a pictorial history of early 
linear accelerator development at Stanford University. The images show a series 
of accelerators called Mark I-IV.

“When Bill Hansen invented the electromagnetic resonant cavity before the war, 
he was interested in generating high voltages for particle accelerators with relatively
modest inputs of power…Following his war work in the east, Hansen returned to
Stanford to refocus his microwave efforts on a linear accelerator with the objective
of obtaining high particle energies for fundamental physics. At the same time, 
work on linear accelerators related to protons rather than electrons was started in
Berkeley by Luis Alvarez and his associates, of whom I [W.K.H. “Pief” Panofsky] was
one. In the late 1940s, that proton accelerator was a much larger device than Hansen’s
electron machines at Stanford because, for technical reasons, a frequency 15 times
lower was chosen for its operation. In one memorable photo [facing page, bottom],
Alvarez and his associates were seen sitting on the vacuum tank of their machine.
When he learned of this photograph, Hansen demonstrated [below] that he could
carry his machine, the Mark I linear accelerator, on his shoulder!” 
W.K.H. Panofsky, “Big Physics and Small Physics at Stanford,” Sandstone
& Tile, Summer 1990.

gallery: early linacs
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Berkeley MTA: The Berkeley Laboratory group seated on top of the Materials Testing Accelerator/Mass Transport
Accelerator (MTA) section on the back of a flatbed truck, probably in 1947. The group includes (left to right, back 
row) Frank Fillmore, Wilfred Kimlinger, Frank Grohelch, Saul Lissauer, Richard Crawford, Clarence Turner, Al Walker,
Donald Cone, Arthur Hudgins, Philip Carnahan, Thomas Bristow, James McFaden, Duncan Gardner, Thomas Perkin, 
Val Ashby, Robert Serber, Pief Panofsky, Chaim Richman, Lauriston Marshall, John Woodyard, Frank Oppenheimer, 
Morris Jeppson, Alva Davis, Al Chesterman, Luis Alvarez, Richard Shuez, Andrew Gardner, Craig Nunan, unknown,
unknown, Don Gow, Edward Day, Selsted, Al Kaehler, Hayden Gordon, David Vance, and (standing in front) Velma 
Turner. Source: SLAC Archives, ARC100; Lawrence Berkeley Laboratory photo

Mark II accelerator control room:
Karl Brown at the klystron controls 
for the Mark II accelerator at Stanford
University. Source: SLAC Archives,
ARC490; Vera Lüth photo
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gallery: early linacs

A “contract between the Office of Naval Research and Stanford University, calling for work leading
to a billion-volt electron linear accelerator, went into effect June 1948…[W]ork was carried out 
in several areas. The theory of microwave electron linear accelerators was studied and advanced.
Investigation was carried out of various accelerator structures to determine which were most 
suitable for electron acceleration…Microwave measuring techniques were developed for testing
accelerator components. Further research into the accelerator principle was carried out on the
magnetron powered Mark I 6-MeV accelerator. Design, development, and construction of the high-
power klystron amplifier were intensified in order to be able to provide the necessary traveling
waves for the large accelerator. The modulating devices for pulsing the klystrons on and off were
developed. Components for the large accelerator were designed and fabricated. The prototype
Mark II accelerator was operated with the new components, including the new high-power klystron.
Construction of the large accelerator, now known as the Mark III, was begun.

“The Mark III first operated on the night of November 30, 1950. At that time, a length of 30 feet of
accelerator was assembled, supplied by three klystrons. With each klystron providing an average 
of eight megawatts of microwave power, this operation delivered an electron beam of about 75 MeV.”
Doug Dupen, May 1966, SLAC Report 62

Mark III accelerator: First sections of the Mark III accelerator at Stanford, as seen
looking toward the injector. After construction, the accelerator and I-beams were 
surrounded by concrete shielding. Source: SLAC Archives, Slide 5; Stanford photo
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Testing new accelerator components: George Jackson, Staff Associate-
Technical in SLAC’s Accelerator Physics Department, tunes the phasing 
system for a radio frequency separator tested on the Mark IV accelerator.
Source: SLAC Archives, M403

“In 1954, with U.S. Atomic Energy Commission support, Stanford started to build a 20-foot, 80 MeV
research accelerator. This machine, which became known as the Mark IV, was designed…to study
methods of improving accelerator components…In the early 1960s, the Mark IV was used exten-
sively as a prototype for the [SLAC] two-mile accelerator, and for testing some of its components.”
Doug Dupen, May 1966, SLAC Report 62

Close-up look at the Mark IV accelerator: Source: SLAC Archives, M408
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ILC-Asia 
GDE Regional Director 
Fumihiko Takasaki

deconstruction: ILC organization

Planningdesigning, and funding the proposed International Linear Collider (ILC), a 40-kilometer-long
electron-positron collider costing billions of dollars, will require global participation and

global organization. An international team of about 20 people leads the Global Design Effort (GDE) for the ILC,
headed by Barry Barish, former director of the LIGO laboratory. The GDE team sets the strategy and priorities
for the work of hundreds of scientists and engineers at universities and laboratories. Their goal: produce an ILC
Conceptual Design Report by the end of 2006 and an ILC Technical Design Report by the end of 2008. 
Policy-makers will use the reports to decide the future of the project.

GDE: Coordinating the ILC design
The ILC Global Design Effort will utilize the
expertise and resources of scientists, laborato-
ries and research institutions in Asia, Europe
and the Americas. The ILC Regional Teams are
guiding and coordinating each region’s ILC
contributions, taking into account the global

GDE needs, the regional resources, and the role
of the national funding agencies. The regional
teams are still growing and developing operating
structures. For example, ILC-Europe has recently
appointed two deputy directors, Nick Walker
(DESY) and Jean-Pierre Delahaye (CERN).

ICFA: Planning the collaborative future
Since 1976, the International Committee for
Future Accelerators (ICFA) has facilitated inter-
national collaboration in the construction and
use of accelerators for high-energy physics.
The 16 ICFA members include the directors of
the world’s largest accelerator laboratories 
as well as representatives of the worldwide par-
ticle physics community. ICFA members usually
meet twice a year to discuss plans for new
accelerator facilities and topics such as instru-
mentation, accelerator technology, and research
programs. Two regions, Asia and Europe, have
formed regional Committees for Future
Accelerators: ACFA (chair: Shin-ichi Kurokawa,
Japan) and ECFA (chair: Torsten Akesson,
Sweden).

In 2002, ICFA created the International Linear
Collider Steering Committee to define the 
scientific roadmap for an electron-positron linear
collider as an international project. In March
2005, ICFA appointed Professor Barry Barish as
Director of the Global Design Effort for the 
proposed ILC.
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ILC-Europe 
GDE Regional Director 
Brian Foster

ILC Global Design Effort 
Director: Barry Barish

International Committee 
for Future 
Accelerators (ICFA)
Chair: Jonathan Dorfan

International Linear 
Collider Steering 
Committee (ILCSC)
Chair: Shin-ichi Kurokawa



Canadian 
Institutions

ILCSC: Laying the groundwork
The 15 members of the International Linear
Collider Steering Committee (ILCSC) are 
defining the scope and primary parameters for
the ILC machine and its detector, monitoring 
the R&D activities, and making recommenda-
tions on the coordination and sharing of 
R&D tasks. They are working closely with the
members of regional linear collider steering 
committees and groups: the Asian LCSC (chair:
Won Namkung, Korea), the European LCSG
(chair: Torsten Akesson, Sweden), and the
USLCSG (chair: Satoshi Ozaki, United States).

In November 2003, the ILCSC appointed 
a group of 12 scientists from Asia, Europe, 
and North America, known as the International
Technology Recommendation Panel, to eval-
uate proposed ILC accelerator technologies.
The panel recommended the use of supercon-
ducting accelerating structures for the ILC, 
and both ILCSC and ICFA endorsed the recom-
mendation in August 2004.

Funding: Communication among nations
Particle physics and accelerator laboratories, 
as well as research groups at universities,
receive their funding from national governments.
The ILC project will require new forms of
agreement and cooperation among science
funding agencies of many nations. Several
agencies have begun to discuss the ILC project
at an international level. In July 2003, the first
meeting of the Funding Agencies for a Linear
Collider (FALC) took place in London. The
group, which includes representatives from the
major science funding agencies in Canada
(NSCRC), France (CNRS), Germany (BMBF),
Italy (INFN), Japan (MEXT), the United Kingdom
(PPARC), and the United States (DOE and
NSF), as well as representatives from CERN,
meets several times per year to discuss poten-
tial mechanisms for funding and operating 
a linear collider as a project with global partici-
pation from its inception. The chair of FALC 
is Roberto Petronzio, Italy.

FNAL
ILC-FNAL Manager

Communication
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Text: Kurt Riesselmann
Photos: SLAC, KEK, Fermilab, Jack Liebeck

ILC-Americas
GDE Regional Director 
Gerald Dugan

NSF-Funded 
Institutions

DOE-Funded 
Institutions

DOE-Funded 
Institutions

SLAC
ILC-SLAC Manager

Cornell
ILC-NSF PI

TRIUMF
ILC-Canada Manager

Funding Agencies
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essay: glen white

Becoming an 
accelerator physicist
First, let me come clean. I started off my
research career as a particle physicist working
for the University of Lancaster in the United
Kingdom. My PhD years were spent searching
for rare and unseen types of events in data
taken by the H1 detector at the HERA electron-
proton collider at the Deutsches Elektronen-
Synchrotron (DESY) in Germany. Like many
particle physics students, my knowledge of
what actually went into generating the data that
magically filled the databases I used for my
research was somewhat limited. 

My only real interaction with the world of
accelerator physics was to occasionally phone
the HERA control room and ask them if they
could please “turn up” the luminosity. I could
maybe envision a maximum of three tools an
accelerator operator could possibly need: a
joystick to keep the beams in collision, a lumi-
nosity dial, and, of course, an on/off button!

My transformation into an accelerator physi-
cist began during the final months of my PhD. 
It was the summer of 2000 when I was intro-
duced to Phil Burrows (now one of the spokes-
persons for the UK International Linear Collider
project) at the annual UK Institute of Physics par-
ticle physics conference in Edinburgh. I listened
for a while about a new project that Phil was
starting up to research and design a fast feed-
back system to maintain beam alignment at 
the interaction point of the Next Linear Collider
(NLC), an American design for a future collider.
The linear collider project was already at a very
mature stage by this point with many physicists 
in America, Europe, and Japan having made solid
progress on their respective designs for over
15 years.

In the United Kingdom, however, I would ini-
tially be the only postdoctoral fellow working 
on Linear Collider accelerator research, a fact that
worried me. The United Kingdom had been out 
of the game of research on next-generation high-
energy frontier accelerators since the creation 
of the European particle physics laboratory,
CERN, in the 1950s. What Phil and others were

proposing was, in effect, to re-start this industry
in the United Kingdom in order to participate 
in the design and operation of a linear collider,
which was globally accepted among particle
physicists as the number-one-priority machine
to be built to take the high-energy particle
physics field forward in conjunction with, and
beyond, CERN’s Large Hadron Collider.

Partly due to the very excited sales pitch 
I got from Phil, the desire to try something new,
and the exciting possibility of getting in at the
ground level of such an important and interest-
ing project, I put my doubts aside, took the
plunge, and tried for the job. My first task was
to attend the CERN Accelerator Summer
School in Greece. I finally learned that there is
somewhat more to building and running a parti-
cle accelerator than I ever imagined. In fact, 
I came away convinced that there is no way on
Earth any group of mortals could actually make
one of these things work at all!

But here I am 5 years later, happily working
on the International Linear Collider (ILC) project.
I am currently based at Stanford Linear
Accelerator Center (SLAC), home of the world’s
only high-energy linear collider. Working here
brings into clear focus the challenges that lie
ahead when one contemplates the leap from
SLAC’s 90-GeV, 2-mile accelerator to one that
could be 15 times longer, over a factor of 10
higher in energy, and provide over 10,000 times
the luminosity. With such a dedicated and
experienced group of accelerator physicists
and such strong backing from the global physics
community, I truly believe there is every chance
that, given the opportunity by the world’s funding
agencies, the ILC can achieve every design goal. 

One of the many things that keep me so
involved and interested in this project is the fan-
tastic sense of truly global cooperation. After 
the decision to use superconducting technology
by the International Technology Recommendation
Panel, I was amazed at the speed with which the
worldwide community pulled together to start
work on the unified goal of design and construc-
tion of a truly global International Linear Collider.

If I am fortunate enough to work on the ILC
through to its conclusion, it could dominate most
of my working life. But if it achieves only a small
fraction of the expected, and maybe even some
unexpected results, then I think it will have been
worth every bit of effort by everyone involved.
Glen White, SLAC

Glen White is an accelerator physicist from Queen Mary,
University of London, working for two years at Stanford Linear
Accelerator Center on International Linear Collider design.
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logbook: gluon discovery

This collision event recorded
in 1979,

provided the first evidence of the gluon, the carrier 
of the strong nuclear force. Recorded as event 13177 
of run 447 of the TASSO experiment at the
Deutsches Elektronen-Synchrotron (DESY), the
graphic shows three jets of particles produced 
in an electron-positron collision.

At the time of this measurement, electron-positron
experiments regularly observed two-jet events. They
indicate the annihilation of the two incoming particles
and the subsequent creation of a quark and an anti-
quark, both of which result in particle jets. If the
energy of the collision is sufficiently large, either the
quark or the antiquark can emit excess energy in

form of a gluon, which also produces a particle jet
in the same plane as the two other jets. Only at high
energies, the gluon jet appears as a distinct third jet. 

Physicists Sau Lan Wu and Georg “Haimo”
Zobernig developed and programmed a method to
search for such planar three-jet events among the
TASSO data. At low collision energies, their searches
produced no results. But when DESY’s PETRA
accelerator began to produce collisions at 27.4 GeV,
they succeeded. A week later, Bjørn Wiik pre-
sented this first event on behalf of the TASSO col-
laboration at a physics conference in Bergen,
Norway. Shortly thereafter, on June 26, 1979, Wu
and Zobernig distributed the above figure in their
internal TASSO Note No. 84. Kurt Riesselmann
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explain it in 60 seconds

Symmetry
A joint Fermilab/SLAC publication
PO Box 500 
MS 206
Batavia Illinois 60510
USA

Office of Science
U.S. Department of Energy

The International Linear Collider is a proposed new electron-
positron collider. Together

with the Large Hadron Collider at CERN, it would allow physicists to explore energy regions beyond the
reach of today’s accelerators. At these energies, researchers anticipate significant discoveries that 
will lead to a radically new understanding of what the universe is made of and how it works. The nature
of particle collisions at the ILC would give it the precision to answer compelling questions that dis-
coveries at the LHC will raise, from the identity of dark matter to the existence of extra dimensions.

In the ILC’s design, two facing linear accelerators, each 20 kilometers long, hurl beams of electrons and
positrons toward each other at 99.9999999998 percent of the speed of light. Each beam contains 
ten billion electrons or positrons compressed down to a minuscule three nanometer thickness. As the
particles hurtle down the collider, superconducting accelerating cavities operating at temperatures
near absolute zero pump more and more energy into them. The beams collide 2000 times every second
in a blazing crossfire that creates a firework of new particles.

The ILC would be designed, funded, managed, and operated as a fully international scientific project.
Neil Calder, Stanford Linear Accelerator Center


