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particle physics life list:

The first cyclotron

bc Explain it in 60 Seconds:
Dark Energy
Dark energy is the weirdest and most abundant
stuff in the universe. It is causing the expansion
of the universe to speed up, and the destiny
of our universe rests in its hands.

Lawrence Berkeley National
Laboratory, Berkeley, California
The first cyclotron, a device
to accelerate charged particles
such as electrons to higher
energies, was built to the
design of its inventor, Ernest O.
Lawrence, at the University
of California, Berkeley, in 1930.
Cyclotrons were the best
source of high-energy particles
for many decades.
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32 Gallery:
SCI-Arc
Inspired by physics concepts, architecture students create unique designs for a hypothetical
complex of buildings at the Stanford Linear
Accelerator Center.

Cockcroft-Walton
pre-accelerator
Fermilab, Batavia, Illinois
Named after two Nobel laureates,
this science-fiction-looking
machine provides 750,000 volts
for the initial acceleration of
particles.
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For more life list items, see our
feature story on page 10.
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I’ve heard it said that culture is the opposite of nature. For me, that highlights
the remarkable richness of particle physics. The “nature” of particle physics
(the science) is a deep, complex mine of concepts and discoveries. But the
culture is equally rich, with a long history, a fascinating sociology, and
a wealth of artifacts that reflect the creativity of the people involved.
More so than many other fields of science, particle physics can claim
a tightly woven, long-term history. This is partly because the human collaborative scale of particle physics is vast. It is also because the lifetimes
of experiments are so long. Mix in the international character of the
research and it is not surprising that culture is prominent alongside the
nature of particle physics.
The two halves of particle physics, nature and culture, relate in many ways.
Particle physics inspires culture, absorbs influences from the greater culture
around us, and creates a culture of its own. This issue of symmetry examines
all of these relationships.
Particle physics inspires external culture in many instances. This can
happen, for example, through art and architecture (see the gallery on
page 32). In response, people outside physics sometimes support scientists
and research projects, through donations and other means (see page 20).
As physicists spend time working in other laboratories, they absorb foreign
cultures, which can affect how those scientists approach their work. A
feature article on page 26 discusses the benefits of long-term visits to other
labs, including the cultural learning that goes along with scientific exchange.
Particle physics also has its own rich internal culture, a snapshot of which
is our “life list” (page 10). Just as birdwatchers keep lists of species they
have seen, our list is full of experiences for particle physics fans to
savor. We have not made it comprehensive; it is merely a taste of what
is out there, as an inspiration for our readers. Please let us know if we
missed any of your favorites so that we can share them with the rest
of the symmetry community.
The field of particle physics is fortunate to have its natural and cultural
aspects balance each other and mesh together so well, enriching everybody involved in the enterprise.
David Harris, Editor-in-chief

Photo courtesy of Andrew Lankford

Fermilab
steering
group

Collider, the eventual ILC, or non-accelerator
physics. A facility that provides unique opportunities for neutrino and precision physics will
attract many users.
The promise of discovery by future neutrino
experiments is well known, as is the importance
of completing our understanding of neutrino
masses and neutrino mixing and searching
for matter-antimatter asymmetry in neutrinos.
Next-generation neutrino experiments, including NOνA at Fermilab, will answer some of our
questions; but discovering whether neutrinos
can explain matter-antimatter asymmetry will
require further experiments. As reported recently
by the DOE-NSF Neutrino Scientific Assessment
Group, future neutrino experiments will require
higher-intensity beams and larger detectors than
are currently planned, as well as greater distances between neutrino source and detector. A
neutrino beam from Fermilab directed at a
detector in the DUSEL underground laboratory
would offer such an opportunity. A large,
DUSEL-sited neutrino experiment could also
perform sensitive new searches for proton
decay as well as measurements of astrophysical neutrinos.
During recent painfully tight financial times,
the United States has bypassed or cancelled
compelling precision experiments in favor of
higher-priority projects. Nevertheless, such
experiments, which look for manifestations of
ultrahigh-energy phenomena in their tiny effects
on lower-energy processes, continue to have
real discovery potential. An experimental search
for the conversion of muons to electrons would
probe the physics of the unification of forces and
matter to very high mass scales, well beyond
the reach of the LHC. Sensitive searches for rare
kaon decays could also detect new physics
beyond the reach of the LHC. Precision experiments such as these, which address fundamental
open questions with unmatched sensitivity, have
great physics merit and potential for discovery.
Since achieving the ILC remains our highest
priority, an interim project should foster development of ILC technology at a pace faster than
ILC R&D could achieve alone. Incorporating ILC
technology into a new superconducting linear
accelerator could achieve this goal. Combined
with existing Fermilab accelerators, the new
linac would create an interim Fermilab facility
with significant discovery capabilities. By using
cavities and cryomodules manufactured by US
industry, such a facility would foster the industrialization of ILC components, a crucial step in
ILC development. The facility could also serve as
a system test for ILC technologies, providing
valuable experience leading to greater robustness

When Fermilab Director
Pier Oddone asked
me to join a group to
consider possible
intermediate-term
accelerator-based
physics opportunities
at Fermilab in case
construction of the
International Linear
Collider does not proceed on the proposed timeline, I was pleased to participate. I
strongly believe that the ILC should be the next
major project for our field, and I am eager for it
to proceed as quickly as possible.
Nevertheless, building the ILC will be challenging. If it cannot go forward as rapidly as
conceivable–for instance due to the time needed
to forge international agreements–there are
real physics opportunities in the interim that will
keep our field vital. A well-conceived project
that builds on existing Fermilab facilities and at
the same time fosters ILC development can create genuine opportunities for discovery.
Fermilab’s primary goal beyond its current
program should be to make the ILC a reality.
Fermilab should also strive to host the ILC, both
to help achieve the ILC and to bring to the
United States a next-generation facility for exploring Terascale physics. Fermilab has aligned its
priorities with these goals, and the laboratory is
actively pursuing a significant and growing
program of ILC research and development.
Should the timeline of the ILC unavoidably
slip, the ideal project for Fermilab would have
several features. First and foremost, it should
provide outstanding opportunities for physics
while substantially advancing the development
of the ILC. The project should naturally fit within
the time before the ILC begins, its costs should
not slow ILC development, and it should serve
a sizable number of scientific users. Synergy
with other national projects and science goals,
for instance the Deep Underground Science and
Engineering Laboratory and searches for
nucleon decay, would create added benefit.
What are the physics opportunities that an
interim project could create? Among the many
possibilities, the fields of neutrino physics and
precision physics with charged leptons and
quarks offer the most promising pathways to
physics not covered by the Large Hadron
3
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commentary: andrew lankford

the ILC lies until the lengthy process of government approvals and budgetary allocations
has successfully concluded. Aligning an interim
project with the ILC can mitigate this uncertainty. Design and planning should begin soon,
to be ready to pursue an interim project should
the need arise. Scientific goals that can be
achieved relatively quickly and expanded if the
timeline lengthens will also help.
If the ILC unavoidably falls behind its proposed
timeline, US particle physics needs a vital accelerator-based physics program at Fermilab to maintain the momentum of our field and the vitality
of the US accelerator and experimental physics
community. If the United States hopes to host
the ILC–or, if the ILC is sited off-shore, to build
a large accelerator-based facility such as a neutrino factory or muon collider further in the
future–we must maintain the vitality of accelerator physics at Fermilab, our national accelerator
laboratory. If we hope to prepare future generations of US particle physicists to exploit the scientific potential of facilities such as the ILC, we
must maintain compelling experimental opportunities in the United States as well as overseas.
Andrew Lankford
Andrew Lankford is a professor in the department of physics
and astronomy at the University of California, Irvine. He is a
member of the Fermilab Steering Group charged with developing a roadmap for the future of accelerator-based particle
physics at Fermilab.
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and reliability. Of course, the project’s planners
should collaborate closely with the global ILC
community to develop concepts for synergy
between an interim project and the ILC.
An interim facility at Fermilab, using or upgrading existing accelerator facilities where feasible
and incorporating a new ILC-like linac, could
provide discovery opportunities in both neutrino
and precision physics. It could also offer an excellent opportunity for synergy with ILC development.
Planning for an interim project as a contingency
to the ILC timeline poses definite challenges.
Such planning should not convey to our government sponsors or to our US or foreign colleagues a weakening in our resolve to construct
the ILC as soon as possible. Consistently communicating that the ILC is Fermilab’s highest
priority; that Fermilab is doing everything in
its power to make the ILC a reality; and that the
laboratory will pursue the interim project only if
the ILC schedule slips significantly will address
this problem. Fermilab must also carefully articulate the physics case and ILC synergy of an
interim project. Note that Fermilab’s plan directly
responds to a request from Dr. Raymond L.
Orbach, DOE Under Secretary for Science, to
plan how to keep Fermilab vibrant in case the
ILC does not happen on our desired timescale.
Another challenge is to determine the time
interval for achieving an interim project without
slowing ILC development. We will probably not
know how far in the future the construction of

Photo: Reidar Hahn, Fermilab

commentary: andrew lankford

signal to background

Professor Prairie
Particles and prairie. For many
people, these words are synonymous with Fermilab.
In the 1970s, when founding
director Robert Wilson led the
construction of the Tevatron
particle accelerator, Robert Betz
launched in the center of its
four-mile ring one of the earliest
and most ambitious prairie
reconstruction projects in the
state of Illinois.
Betz, who died on April 5,
was a professor of biochemistry
at Northeastern Illinois
University. He was one of the
first people to recognize the
importance of saving the native
prairie ecosystem. Known as
“Professor Prairie,” he traveled
across the Midwest to identify

and catalog “cemetery prairies,”
the last remnants of original
prairie that grew on pioneer cemeteries and escaped development. At Fermilab, he used his
knowledge and worked with
grounds crews and volunteers
to turn farmland back into the
original tallgrass prairie.
“There is a chain of people
who have inspired this region, for
which I would list [Henry David]
Thoreau, [John] Muir, Aldo
Leopold, May Watts, and then
Dr. Betz,” said Stephen Packard,
director of Audubon of the
Chicago Region, speaking at the
Betz memorial symposium in
July. “It was visionary of Dr. Betz
early in his life to look around
and say, ‘There is still nature
here that is important to save.’”
5

Early on, Betz recognized
the importance of burns for
the well-being of the prairie. With
persistence and a big smile on
his face, he set out to convince
other scientists of the benefits
of prairie burns. Today, burns
are a standard tool to maintain
prairies and to control invasive
plants. While prairie plants with
their long roots survive the
fire, non-native plants succumb
to the heat.
More than 30 years after the
start of the Fermilab prairie
reconstruction project, the lab
is home to 1100 acres of prairie,
about 270 species of birds and
more than 50 species of butterflies, thanks to the vision of
Professor Prairie.
Kurt Riesselmann
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The prairie guy; computing potato chips; neutron array experiment; particle
search on a shoestring; movies without popcorn; letters; contest: where has your
symmetry been?; sudoku solution.

signal to background

Raising MoNA
In the olden days, farmers would
travel for miles through the
American countryside to help
neighbors raise a barn.
A similar bustle was under
way in early July on the Michigan
plains, though the focus was
nuclear physics instead of farming. College students–mostly
from the Midwest, but some
from as far away as California—

6

experience with equipment,
you really learn how it works,”
he said.
The lone postdoctoral
researcher involved in the move,
Artemis Spyrou, reminisced
about the long hours she spent
assembling machinery in the
lab during her graduate school
days in Greece, where three
people managed all the equipment. “It’s always fun to do
teamwork,” she said. In her case,
there was a bonus: The only
other graduate student in her
group at the time, George
Perdikakis, became her husband.
Annie Jia, National
Superconducting Cyclotron
Laboratory
A video of busy students assembling
MoNA is available in the online version
of symmetry.

Particle search
on a shoestring
When Aaron Chou heard about
an experiment in Italy that

symmetry | volume 04 | issue 06 | august 07

converged on the National
Superconducting Cyclotron
Laboratory to help the lab’s graduate students and staff move the
modular neutron array (MoNA).
The box-shaped array,
assembled primarily by undergraduate students and used
to detect neutrons, is composed
of 144 plastic bars, each two
meters long. It was moved to a
more spacious vault as part
of a major reconfiguration of the
lab, which is at Michigan State
University.
Each bar had to be hauled
by hand, and most of the hands
belonged to undergraduates.
“It was kind of like an assembly line,” reflected Tova YoastHull, a junior from Kenyon
College in Ohio. “Except the
parts don’t move down the
line–the people do.” Pairs of
students lugged each 40-pound
bar down 70 meters of hallway.
Most challenging, however,
were the six wires running
from each bar, totaling 864
cables that had to be detached
and meticulously reconnected
at the proper terminals. All told,
the move and reinstallation
involved 27 people from 10 colleges, and took about a week.
Eddy White, a senior from
the University of Notre Dame in
Indiana, found the work enlightening. “Having so much hands-on

Photo: Fred Ullrich, Fermilab

Supercomputers can play chess,
map DNA, and aid in the study
of dark energy. But recently they
were unleashed on a bold new
frontier: optimizing the production of potato chips.
Imagine a conveyor belt carrying a neat row of saddleshaped Pringles-brand potato
chips. As the belt moves at
high speed, the air rushing past
the chips can lift them up and
send them sailing off the production line.
“This is fundamentally a problem of air-flow over the potato
chip,” says Richard Herman,
chancellor of the University of
Illinois at Urbana-Champaign.
“Much like air-flow over the wing
of a plane, this is a problem in
computational fluid dynamics.”
Herman, a mathematician,
presented the problem in June
at the 2007 National User
Facility Organization meeting at
Lawrence Berkeley National
Laboratory as an example of
public/private partnerships to
improve national competitiveness.
After analyzing the problem
using high-performance computers, Proctor & Gamble redesigned the chips and adjusted
the speed of the production
line so fewer chips go flying,
Herman says.
So if you really can’t eat just
one, don’t worry. Thanks to
supercomputers, there are more
chips per potato reaching chip
enthusiasts worldwide.
Lauren Younis

Photo courtesy of MoNA

Number crunching,
redefined
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eries of this century,” he says.
suggested the existence of an
“Such a discovery could fundaexotic particle as a candidate
for dark matter, he was intrigued mentally change the direction
of future experimental research
enough to go looking for it.
in particle physics. The potenHis first stop: the Fermilab
tial scientific impact and the
cafeteria.
“The Fermilab cafeteria is a
low cost of the experiment make
wonderful place to talk to peothis a no-brainer. It’s the type of
ple and ask around for available experiment you just have to do.”
Amelia Williamson
equipment,” says Chou, a postdoctoral researcher at the lab.
Working the lab grapevine,
What, no popcorn?
Chou (left, photo at bottom)
Most particle physicists spend
and William Wester, a scientist
at least a few hours a day
in Fermilab’s Particle Physics
looking at a computer screen.
Division, scrounged enough
In their free time, however,
many prefer the “silver screen.”
parts to build their experiment
At Fermilab, the International
on a shoestring budget. They
Film Society fills this need
borrowed a high-powered laser
and scavenged a spare Tevatron each month by presenting films
magnet that could be operated
from around the world. A
at the existing Fermilab Magnet showing of Wes Anderson’s
Test Facility, and kept the cost
off-beat comedy The Life
to about $30,000.
Aquatic with Steve Zissou
Their project, called GammeV kicked off the society’s new
(named for particle searches in season this summer.
the gamma ray to milli-electronThe origins of the film socivolt energy range), follows up
ety go back to 1971. The
on an experiment called PVLAS group’s most important goal is
at Legnaro National Laboratory
“to provide a relaxed atmoin Italy two years ago that
sphere where we can interact
suggested the existence of the with our colleagues and be
ultralight particle.
entertained by a good movie,”
The new experiment involves says scientist Tania Moulik,
sending pulses of high-powered who chairs the society.
“Many films provide a winlaser light through an opening
in a magnet and toward a mirror. dow to different cultures, promoting understanding and
Normally, scientists would
expect no photons, or light par- providing a ground for common
discussion among viewers
ticles, to show up on the other
side of the mirror. But if the new
from diverse cultures,” she says–
ultralight particle exists, some
especially important in a large,
of the photons will convert into international community such
as Fermilab’s.
the proposed particle, travel
The public is invited as well,
through the mirror, and then
and people stay to discuss a
convert back into photons,
film after its showing. This seawhich scientists would detect
son, offerings range from the
on the other side. It would
Charlie Chaplin classic The
appear that light was passing
Great Dictator to the contemstraight through a wall.
Though scientists are skep- porary Donnie Darko.
So, lean back and enjoy
tical of the suggested particle’s
the show. Just don’t ask for popexistence, the results from
corn: Fermilab’s Ramsey
Legnaro need to be checked,
says Chou, who strayed from
Auditorium is a food-free
his usual area of research–cos- environment.
J. Bryan Lowder
mology–to help put the project
together. “It’s unlikely but not
impossible that the result is
correct. If it is, it would be one
of the most astounding discov-

signal to background
Letters
Non-dark energy
With regard to your story on dark energy (May 2007): Please explain the amount of known energy
there is in the universe. If there is a small percentage of known matter, what is the percentage of
known energy?
Richard Blaine, Savannah River Site, Aiken, South Carolina
Michael Turner, University of Chicago, replies:
That’s a wonderful question. For energy in the universe, here are the “known knowns:”
1.	Cosmic microwave background (CMB) radiation, the echo of the big bang:
0.005% of the total matter/energy density of the universe
2.	Direct light from all the stars that have ever lived (due to redshifting this peaks near the infrared):
0.0001%
3. Re-radiated light (by dust) from all the stars that have ever lived: 0.0001%
4. Kinetic energy of all matter: 0.00003%
5.	Cosmic rays (particles believed to be accelerated by exploding stars with energies up to at least
1020 eV): at most 0.000005%
By far, the bulk of the known energy is the CMB radiation. The biggest known unknown, of course,
is the dark energy, accounting for 73% of the all the matter/energy. And at this stage, it is too early
to rule out unknown unknowns that may account for up to 10% of all the matter/energy.
Within our own Milky Way galaxy, cosmic-ray particles (mostly protons) trapped by the galaxy’s
magnetic field have an energy density comparable to the CMB. However, outside the Milky Way
the energy density contained in cosmic rays is expected to be much less.

Small world

Guru of Hatha yoga
Many readers of symmetry are undoubtedly familiar with the Dan Brown novel Angels and Demons,
which is staged partially at CERN. One of the characters, physicist Vittoria Vetra, is described as 
“CERN’s resident guru of Hatha yoga.”
If any physicist may rightly aspire to having been a “resident guru of Hatha yoga,” it might be me.
For decades, CERN has had an active Yoga Club that provides yoga classes on site, but to my
knowledge, I am the only physicist who has taught Hatha yoga regularly at CERN.
Ever since I was trained as a yoga teacher in the 1970s, wherever I find myself for an extended
period of time, I arrange a free Hatha yoga class. I have offered such classes at Kent, Ohio;
Anchorage, Alaska; Berlin, Germany; New York City; Tsukuba, Japan (at the KEK laboratory); and
presently in Davis, California.
At CERN in the 1980s, I taught once a week for about four years on the second floor of Restaurant
No. 2. My students included other physicists who were avid runners, who saw yoga as a way to
increase flexibility.
Richard Breedon, University of California, Davis
Letters can be submitted via letters@symmetrymagazine.org
8
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While reading symmetry (May 2007), I came across an article about Katie and Adam Yurkewicz moving from Fermilab, Batavia, to CERN, Switzerland. I was floored when I realized that the home they
were leaving (424 Blaine St) is the home I grew up in. I attended grades 1-4 in the small school
building right across the street. I lived there until I got married. My father (the then-owner) lived
downstairs and my wife and I and our first child lived in the upstairs apartment for a number of years
after I got out of the army in 1968. My sister and her husband lived in the apartment before we
did. I did a double take when I saw the picture of the moving truck parked in front of the house. We
drive past the house every now and then, but I had no idea who lived there.
Small world, isn’t it?
Kim Carlson, President, Savannah Community Association, Aurora, Illinois

Atención, ACHTUNG, ATTENTION
The symmetry challenge:
Where has your symmetry been?
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Our readers live in all parts of the globe, from Alaska to Wyoming; from Argentina to Zimbabwe. But
when a copy of symmetry lands in a mailbox, that’s often not the end of its journey. We have
heard stories of symmetry being read in some quite surprising places, including hiking trails and
nude beaches.
What unusual places have you gone with a copy of the magazine in your suitcase or backpack?
Send your story, perhaps with a photo of you and the magazine, to letters@symmetrymagazine.org
with subject line “Travel,” or mail it to the address on page 2. We will publish the best stories and
photos in an upcoming issue.

Particle sudoku

Did you find last month’s sudoku tough? Word
from our readers is that the puzzle in the Jun/Jul
07 issue of symmetry was much more difficult
than a regular sudoku. Reader and Fermilab
retiree Phil Martin, Sequim, Wash., wrote,
“Awesome sudoku! Can we look forward to more
in the future?”
 To put those of you who are still stuck out of
your misery, we provide the solution to the right.
A larger-print version is online at http://www.
symmetrymagazine.org/cms/?pid=1000506.
The solution to the puzzle is unique. Every one
of the Standard Model’s 16 elementary particle
types appears in each row, column, and 4x4
sub-square. If you managed to complete the
puzzle or found any nifty tricks to solve it, let us
know at letters@symmetrymagazine.org.
9

The particle physics

life list
By Glennda Chui

Bird watchers have “life lists” of species they hope to see in their lifetimes.
Why shouldn’t particle physics fans do the same? With that in mind, in our
April issue we asked readers to help us put together the first particle physics
life list. Here it is, in no particular order, with items ranging from the silly to
the sublime.
This is not meant to be a comprehensive account of great figures or historical moments; rather, it’s a checklist of things you can see or do today, some
as common as crows and others as hard to spot as the ivory-billed woodpecker.
Some require special access, and rules for visitors vary and may change;
so before you go out of your way to bag one of these items, call ahead. On
the other hand, many physics labs offer tours and are more accessible than
you think!
Our thanks go to all the readers who sent suggestions and to the many
patient people whose brains we picked along the way. Please send feedback
and ideas for additional life list items to
letters@symmetrymagazine.org

Glenn Seaborg’s cigar box
Lawrence Berkeley National
Laboratory, Berkeley, California
The speck of plutonium he
carried in the box is still there.
Nearby, his lab book records
the discovery of plutonium-239
(see Logbook).
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Marie Curie’s office and
personal laboratory

Created by high-energy particles slamming into gas in the
upper atmosphere, the aurorae
are particle physics on a glorious scale.

Curie Museum, Institut Curie,
Paris, France

Taughannock Falls
Ulysses, New York

Includes 1902 lab notes on the
atomic mass of radium, which
are still radioactive, and ThoRadia face cream, marketed
during the “radium craze” of the
1920s.

Waterfall near Cornell University
where Hans Bethe, Richard
Feynman, and many others
went for inspiration.

Attend a CERN Council
meeting

Listen to Einstein, Kelvin,
and Rutherford

See how major decisions in European particle physics are made.
The council meets twice a year.

Historic recordings available
from the British Library at
http://tinyurl.com/2xm4xa

Cathode ray tube used
by J.J. Thomson
The Museum at the Cavendish
Laboratory, University of
Cambridge, Cambridge, England
Used to discover the electron
in 1897.

Geneva, Switzerland

Explore the wreckage of
a cargo plane
South Pole Station, Antarctica
Tunnels lead to the 1970s
wreck, buried under 20 meters
of snow; a favorite of physicists on the IceCube experiment
taking a work break.

James Clerk Maxwell’s
house
14 India St., Edinburgh,
Scotland
Houses a small museum
devoted to the discoverer of
electromagnetism, who is
considered the father of modern physics.
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Sir Isaac Newton’s
birthplace, Woolsthorpe
Manor
Grantham, England
Apples falling in the manor’s
orchard set him thinking about
gravity. Dozens of places claim
to have descendents of the
apple tree.

Cockcroft-Walton
pre-accelerator
Fermilab, Batavia, Illinois
Named after two Nobel laureates, this science-fiction-looking
machine provides 750,000 volts
for the initial acceleration of
particles. (See photo on page 1.)

Sir Isaac Newton’s
living room
Babson College, Babson Park,
Massachusetts
Dismantled and moved here
in the 1930s, joining a large collection of Newtonia.
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Watch the northern or
southern lights

Theory fish tank
Building 40, Stanford Linear
Accelerator Center, Menlo Park,
California
No fish here; just a glassfronted room lined with chalkboards where theorists hold
discussions.

Richard Feynman’s
lecture hall

Bruno Touschek’s
drawings
La Sapienza University,
Rome, Italy
The physicist who began
research into matter-antimatter
collisions was also known for
his deft, funny caricatures and
sketches, which decorate a
physics department meeting
room.

Read Russian
physics news
Joint Institute for Nuclear
Research, Dubna, Russia
Pick up the latest edition of
the official lab newspaper,
Dubna. Science. Cooperation.
Progress, which recently celebrated its 50th year. Online at
http://www.jinr.ru/news.htm

California Institute of Technology,
Pasadena, California

Watch particle events
live on the Web

The hall, #201 in the East
Bridge physics building, was
the scene of the freshman/
sophomore lectures collected
in Feynman Lectures on
Physics, also known as “The
Red Book.”

See raw events coming
straight from particle physics
detectors around the world.

Log on to The Particle
Adventure
www.particleadventure.org
An award-winning interactive
tour of the particle physics world.

Fermilab:
http://www.fnal.gov/pub/
evdisp/
SLAC:
http://home.slac.stanford.
edu/evdisp/
KEK:
http://belle.kek.jp/evdisp/

wildlife
Help harvest seeds in
a restored prairie

Gobblers
Brookhaven National Laboratory,
Long Island, New York
In addition to the deer, geese,
groundhogs, and other wildlife,
these slightly prehistoric-looking wild turkeys reign over the
lab's roads, sidewalks, and
even its trees.

Wild turkeys and
worker goats
Lawrence Berkeley National
Laboratory
The goats work summers,
chomping weeds; the turkeys
are year-round residents.

White deer
Argonne National Laboratory,
Argonne, Illinois
Native to Europe, North Africa,
and parts of Asia, about 40 of
them freely roam the site. Not
to be confused with local whitetailed deer that live there, too.
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Fermilab
Seeds gathered each fall in the
lab’s 1100 acres of tallgrass
prairie are used to revive native
grasslands.

Frolicking baby bison
Fermilab
Born to the lab’s resident herd
each spring, they are possibly
the cutest sights in particle
physics.

Paleoparadoxia
SLAC
The fossil skeleton of an
ancient hippo-like creature was
unearthed during construction
in 1964; some joke that it was
SLAC’s first discovery.

Homestake Mine

Pierre Auger Observatory

Near Lead, South Dakota

Malargüe, Argentina

The deepest mine in the US,
it was the setting for a solar
neutrino experiment that won
Brookhaven nuclear physicist
Raymond Davis, Jr. a share
of a Nobel Prize. Recently
chosen by the National Science
Foundation as the site of
a major multipurpose underground lab.

Surface detectors and telescopes spread across more
than 3000 square kilometers
of the desolate Pampa
Amarilla, awaiting rare, highenergy cosmic rays.

Cosmic ray shed
Collection of Historical Scientific
Instruments, Harvard University,
Cambridge, Massachusetts
Used for the first determination
of the mass and decay time of
the muon in 1937 and the discovery of nuclear magnetic resonance, or NMR, in 1945.

Center for History
of Physics
American Center for Physics,
College Park, Maryland
Archives, oral histories, online
exhibits, and other resources
for scholars, teachers and
physics buffs.
http://www.aip.org/history/

Einstein’s blackboard
Museum of the History of
Science, Oxford University,
Oxford, England
Notes from a lecture he
gave in the 1930s that were
never erased.

Einstein’s pipe

On display at the National Air
& Space Museum in Washington,
DC, until July 2008 while its
home institution is remodeled.

The first matterantimatter collisions
Frascati National Laboratory, Italy

Einstein’s apartment

A diminutive prototype called
AdA demonstrated the working
principle that spawned the
world’s most powerful particle
colliders.

Bern, Switzerland
Restored and open to the public.
He lived there from 1903–05.

The Royal Institution
of Great Britain

Leaning Tower of Pisa

London, England

Pisa, Italy

Papers and original apparatus
from Michael Faraday and James
Dewar, as well as William Henry
Bragg and William Lawrence
Bragg—father-and-son winners
of the 1915 Nobel Prize in
Physics. Closed since 2006 for
major renovation.

Scene of a famous experiment
that may never have happened:
An early biographer said Galileo
dropped two objects from the
top to see if the heavier one fell
faster. But Galileo himself never
described such an experiment.
13
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National Museum of Natural
History, Washington, DC

Stand in the LHC ring
with one foot in France,
the other in Switzerland
CERN, Geneva, Switzerland
There are six places in the LHC
collider tunnel where you can
do this.

Alternating Gradient.
Synchrotron
Brookhaven National Laboratory
Particle accelerator where
strong focusing was invented
and put into practice.
Research here led to three
Nobel prizes.

LABEC Laboratory
Florence, Italy
This national lab specializes
in using a particle beam to
analyze cultural heritage items,
from Galileo manuscripts to
ceramics and paintings.

Take in a performance
in Ramsey Auditorium
Fermilab
Performers have included
Suzanne Vega, Arlo Guthrie,
George Winston, and Pilobolus.

E.O. Lawrence’s desk
and glasses

CERN
A review of worldwide particle
physics in music and song,
presented by the CERN
Theory Division. Scurrilous,
amusing, not to be missed.

Peace Memorial Park

Lawrence Berkeley National
Laboratory

Hiroshima, Japan
A museum and dozens of
monuments commemorate the
world’s first atomic bombing,
August 6, 1945.

Also on view: correspondence
congratulating him on the
first successful acceleration
of protons, for which he won
the Nobel Prize.

The first cloud chamber
charged-particle detector

Trinity test site

The Museum at the Cavendish
Laboratory, University of Cambridge

Alamogordo, New Mexico
Site of the first atomic bomb
explosion, July 16, 1945; open
to the public on the first
Saturdays in April and October.
Bonus point: See a piece of
“trinitite,” glass made of bombfused sand.

The Christmas
pantomime

Galileo’s lens
Institute and Museum
of the History of Science,
Florence, Italy

C.T.R. Wilson won a Nobel Prize
for inventing it.

Suit up and enter a
clean room

In 1610, he used it to discover
the moons of Jupiter.

At physics labs across the world,
here’s where high-tech particle
detectors and accelerator components are put together.

Tempio Voltiano
Como, Italy

View photos by Yuri
Tumanov

Instruments and memorabilia
of Alessandro Volta, the Italian
physicist who invented the
electric battery and lent his
name to the volt.

Photos taken during his 40
years at the lab are known
throughout the physics world.
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Joint Institute for Nuclear
Research, Dubna, Russia

Spend a Rutherford, Bohr,
Birkeland, or Tesla

Ernest Rutherford’s
birthplace
Brightwater, New Zealand
Display panels and a small garden alongside a state highway.

SNOLab
Sudbury, Canada
Journey into a working mine,
then shower and change into
clean-room garb to see some
of the most advanced astroparticle physics experiments
in the world.

Sciences-ACO museum
Anneau de Collisions d’Orsay,
Paris, France
See ACO, an accelerator that
made important contributions
to both particle physics and synchrotron radiation research.

greatviews

Main cyclotron accelerator tank, TRIUMF

Kamioka Underground
Observatory

Vancouver, British Columbia

Hida city, Gifu, Japan

Accessible during maintenance.

Drive up the mountains to
what was the largest zinc mine
in East Asia and visit the
Kamioka mine, 1 km below the
surface. It now houses a
mix of cutting-edge experiments,
from the Super-Kamiokande
neutrino experiment to darkmatter and gravitational-wave
detectors.

State-of-the-art
control room
Jefferson Lab, Newport News,
Virginia
The control room of the
Continuous Electron Beam
Accelerator Facility (CEBAF)
was redone in 2004 and outfitted with a huge videoscreen to
monitor operations.

SLAC research yard

South Pole

Menlo Park, California

Thousands of optical sensors
are being installed to record
particles penetrating 1450 to
2450 meters of Antarctic ice.

Gaze down from an overlook
at the area at the end of the
two-mile linear accelerator
where research led to four
Nobel Prizes.

CERN water tower

Top of Wilson Hall

Geneva, Switzerland

Fermilab

360-degree view of CERN,
Geneva, the Alps, and the
Jura Mountains.

View the outline of the four-mile
Tevatron accelerator and, on a
clear day, the Chicago skyline.

The second-longest
building in the world
SLAC

Lawrence Berkeley
National Laboratory
Berkeley, California
The lab has a sweeping vista
across San Francisco Bay; watch
the sun set behind the Golden
Gate Bridge.

IceCube Neutrino
Observatory

At 3073 meters long, it’s second
only to the Terminal 3 building
at Beijing Capital International
Airport–so long you can’t see
one end from the other. The
SLAC building houses a string
of klystrons, which power the linear accelerator below; check
them out from the visitors’ gallery.
15
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All four physicists are featured
on currency: Ernest Rutherford
on New Zealand’s $100 bill, Niels
Bohr on the Danish 500 kroner
note, Kristian Birkeland on the
Norwegian 200 kroner, and
Nikola Tesla on the Serbian 100
dinar.

The Black Hole

Trees in blankets

Los Alamos, New Mexico

KEK, Tsukuba, Japan

This junkyard, run by former
Los Alamos machinist Ed
Grothus, sells surplus from the
Los Alamos lab.

Pine trees are wrapped in
straw blankets, called
Komomaki, which attract
moth larvae that otherwise
would infest the tree. The
infested blankets are burned
in the spring.

The DELPHI detector
LHCb cavern, CERN
Guided tour of a retired detector in a working accelerator
tunnel. Leave your watch on
the bus, as it could be stopped
by stray magnetic fields.

The roving Gammasphere

Pauli room

Argonne National Laboratory

CERN

The world’s most sensitive
gamma ray detector–it’s in the
book Guinness World Records.
It has been refitted so it can
travel across the floor to line
up with experiments. A model
of it also had a cameo in the
2003 movie The Hulk.

Contains library, artifacts, and
death mask of Nobel laureate
Wolfgang Pauli, who thought
up the neutrino.

Wilson Hall atrium
Fermilab
Sixteen stories tall, with an
indoor garden and cafeteria.

The Manhattan Project
Los Alamos, New Mexico
Visit the Bradbury Science
Museum to learn about the
top-secret wartime quest to
develop the atom bomb.

Get face to face with
some of the world’s
largest particle-collider
detectors:
ALICE (CERN)
ATLAS (CERN)
BaBar (SLAC)
Belle (KEK)
CDF (Fermilab)
CMS (CERN)
DZero (Fermilab)
LHCb (CERN)
PHENIX (BNL)
STAR (BNL)

Robert Wilson’s
sculptures
Fermilab
Four giant sculptures designed
by the lab’s founding director
include a Möbius strip and a
three-span arch called “Broken
Symmetry.” Bonus point: Spot
the row of power poles shaped
like the Greek letter pi.

First self-sustained
nuclear chain reaction
University of Chicago, Illinois
A sculpture by Henry Moore
marks the spot in a former
squash court where, in 1942,
Enrico Fermi and colleagues
set off the first controlled, selfsustaining nuclear chain reaction.
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Museo Storico della
Fisica “Enrico Fermi”
Compendio Viminale, Rome
Museum on Fermi’s life and
research is scheduled to open
at the end of 2007 in the via
Panisperna building.

Mingle with physicists
at Wine & Cheese

Pioneer cemetery
Fermilab

See experiments in Gran
Sasso National Laboratory
Assergi, Italy

Lab founding director Robert
Wilson is buried here, along
with an American general and
18 early settlers.

The largest underground lab in
the world dedicated to astroparticle physics; enter via a highway tunnel that cuts through a
mountain.

Hoist a drink
at Charly’s Pub

Meet colleagues after
work at the Users’ Center

St. Genis, near CERN

Fermilab

A favorite gathering place for
physicists.

A funky bar featuring ping
pong, pool, and popcorn.

Lunch or a beer
at the Alpine Inn

Lunch at the IHEP
cafeteria

CERN cafeteria

Near SLAC

Beijing, China

An atmospheric dive, known
to old-timers as Zotts, featuring
a packed-dirt yard, pine trees
and screeching Steller’s jays.

Master chop sticks while talking
about the latest results produced by the Beijing Electron
Positron Collider.

Breakfast or lunch
on the SLAC patio

Dine at Chez Leon

Fermilab
Traditional end-of-week winddown before the weekly seminar
on particle physics results.

Menlo Park, California
Look out past Stanford’s
Hoover Tower to San Francisco
Bay as acorn woodpeckers
frolic in the oak trees.

Dine with a
Nobel Prize winner
Join a true physics expert for
food and small talk.

Fermilab
Serving lunch on Wednesday
and dinner on Thursday, Chef
Tita has run this on-site restaurant for more than 28 years.

DESY canteen
Hamburg, Germany
Try the canteen’s signature
dish, Currywurst-Pommes.
17
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Geneva, Switzerland
Three hot food lines, an unbelievable salad bar (with ingredients that are sometimes hard
to identify, but tasty just the
same); fancy pastry, wine,
champagne, and coffee brewed
fresh by the cup. Dine outside
on a tree-shaded terrace.
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eats&drinks

Alternating Gradient
Synchrotron

Control console of the
Harvard Cyclotron Lab

Brookhaven National
Laboratory

Collection of Historical
Scientific Instruments, Harvard
University

Particle accelerator where
strong focusing was invented
and put into practice.
Research here led to three
Nobel prizes.

Stroll like Einstein
Institute for Advanced Study,
Princeton, New Jersey
Although the institute’s buildings are off-limits to the public,
the woodsy 500-acre nature
reserve where Einstein once
strolled is open year-round.

Preserved just as it was on
the day it was decommissioned in 2002, the control
console is a mixture of 1947
vacuum-tube era switches,
mid-century meters, and later
computer components. The
technicians’ personal touches–
little jokes, take-out menus,
call lists–are still there.

The computer Tim
Berners-Lee used to invent
the World Wide Web

Galileo’s middle finger

CERN

Institute and Museum
of the History of Science,
Florence, Italy

Berners-Lee and colleagues
created Hypertext Transfer
Protocol, or HTTP, the dominant way of providing information over the Internet.

Cut off 100 years after his death
and preserved as a relic.

Collider Experimental Hall
SLAC
This pit at the east end of the
Stanford Linear Collider houses
the dusty remnants of the
MARK II and SLD detectors.

locomotion
Walk or run the fourmile Tevatron ring road
Fermilab

Ride the elevator down
into the Soudan
Underground Laboratory
Soudan, Minnesota
Half a mile down into the
pitch black, with bats. Once
there, check out the mural
in the MINOS cavern.

Drive a golf cart through
the Tevatron tunnel
Fermilab

Walk beneath Hamburg
DESY
The HERA collider extends
under the city.
18

Ride in the PETRA Tunnel
DESY
Take a ride on a Dwarslöper, a
transport wagon specially
developed to transport magnets
into HERA injection tunnels.

Bike a section of the
Large Hadron Collider ring
CERN

Walk or run along the
SLAC linear accelerator
Menlo Park, California
Site of the annual SLAC run

Credits
Special thanks to the many
people who contributed items
to the list:
Readers Jodi Cooley-Sekula,
Philip Downey, Lara Gundel,
Mike Johnson, Spencer Klein,
Andreas Kronfeld, Peter Lucas,
David W. Miller, Ina Reichel,
Stephen Sekula, Dave Wark,
and John Womersley;

National Institute of Standards
and Technology, Gaithersburg,
Maryland
A team lead by Madame
Chien-Shiung Wu showed our
world is slightly different than
its mirror image, confirming a
prediction for which T.D. Lee and
C.N. Yang won a Nobel Prize.

See the CERN Globe lit
up at night
Geneva, Switzerland
Formally called The Globe of
Science and Innovation, the
40-meter-diameter sphere is
built of wood from Swiss forests.
The Globe is a gift from the
Swiss government for the lab’s
50th anniversary.

Bubble Chamber
Cemetery
Brookhaven National
Laboratory
Reminders of the evolution of
detector technology.

The first cyclotron
Lawrence Berkeley National
Laboratory
The first cyclotron, a device to
accelerate charged particles
such as electrons to higher
energies, was built under the
direction of its inventor, Ernest
O. Lawrence, at the University
of California, Berkeley, in 1930.
Charged particles injected
near the center move in semicircles; as the particle’s energy
increases, its semi-circles grow
larger. Cyclotrons were the best
source of high-energy particles
for many decades.

Sara Schechner, David P.
Wheatland Curator, Collection
of Historical Scientific
Instruments, Department of
the History of Science, Harvard
University;
Roger Sherman, Associate
Curator, Modern Physics
Collection, National Museum
of American History,
Smithsonian Institution;
Spencer Weart, Director,
Center for History of Physics,
American Institute of Physics;
and the editorial staff and contributing editors of symmetry,
located at particle physics laboratories across the world.

Photo Credits
Babson College, Brookhaven
National Laboratory, CERN,
Cornell University, Fermilab,
Gran Sasso National Laboratory,
LABEC Laboratory, Lawrence
Berkeley National Laboratory,
Museo Storico della Fisica,
Oxford University, SLAC,
Touschek family
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Apparatus used to
prove that parity is not
conserved

David Kaiser, Associate
Professor, Program in Science,
Technology & Society, and
Lecturer, Department of Physics,
Massachusetts Institute of
Technology;

dream
Donors

Physicists and visitors
to the Kavli Institute for
Particle Astrophysics
and Cosmology, established with the aid of a
grant from the Kavli
foundation, enjoy the
view from its Stanford
Linear Accelerator
Center building, which
opened in 2006.
Photo: David Harris

20

big

Drawn by the chance to help answer
the most fundamental questions
about the universe, philanthropists
are starting to make significant
investments in physics research.

symmetry | volume 04 | issue 06 | august 07

by María José Viñas
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“When you grow up…under the northern
light…and the Milky Way, you get close to
nature and get an interest in it.”
Fred Kavli

Photos: Diana Rogers, SLAC

At first glance, particle physics seems to be a rather arid
land in which to plant the seeds of philanthropy; much
of the research in the field requires gigantic machines with
budgets to match. Instead, many philanthropists prefer
to put their money into areas such as medical research,
where the science is more comprehensible and their
investments have more immediate returns with clearer
social benefits.
Yet while money for physics research still comes
almost exclusively from government agencies, such as
the Department of Energy and the National Science
Foundation in the United States, private donors are starting to have an impact, contributing millions and setting
a path for others to follow.
The best-known examples of physics philanthropy
are the Kavli institutes and the Perimeter Institute for
Theoretical Physics, as well as a surprising donation
that allowed the Brookhaven National Laboratory accelerator to keep running after a severe budget cut. More
modest gifts have made a difference, too, including endowments that fund professorships at universities. In all
cases, the donors have a common trait: they are smitten
by physics.
“There are many opportunities for seeing returns when
investing in physics,” says Roger Blandford, director of
the Kavli Institute for Particle Astrophysics and Cosmology
at Stanford University and Stanford Linear Accelerator
Center—“from being able to help a young person in their
career, to being able to provide a crucial piece of an
apparatus which will enable a wonderful discovery, or to
providing, as Fred Kavli did here, a wonderful building with
a view to the San Francisco Bay.”
Private donations normally do not come alone,
points out Kate Beers, associate director for physical
sciences at the Office of Science and Technology
Policy. They’re usually matched by contributions from
local governments, universities, or industries. “These
coordinations are critical, and the more we can document and learn from them, the better,” she says, adding
that she believes industrial and philanthropic partnerships are going to be the new modes of financing physics
research in the future.

A growing network
The center Blandford directs is one of 15 research institutions the Kavli Foundation has built or is planning
Based at Stanford University and Stanford Linear Accelerator
Center, the Kavli Institute for Particle Astrophysics and
Cosmology is one of 15 research institutions being funded by
industrialist Fred Kavli through a foundation he set up. Another
philanthropist, Pierre Schwob, donated $1 million to create a
computing center at the institute.
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The Perimeter Institute for
Theoretical Physics was created in 2000 with a donation
from Mike Lazaridis, founder
of the company that makes
BlackBerry hand-held devices.
The Canadian institute also
gets public funding to run dayto-day operations.

theoretical physics institute. But the endeavor would be
more difficult than either of them could have predicted.
“We tried to raise some money from foundations and
so on,” Gasiorowicz says, but found them much less willing to fund theoretical physics than medical research.
Eventually the professor and the industrialist gained the
support of the University of Minnesota, which matched
Fine’s $2 million investment. The Fine Theoretical Physics
Institute officially came into existence in January 1987,
just before the Soviet Union broke up and allowed scientists to leave the country.
“Within a very short time we had five top-notch Russian
physicists joining the department,” Gasiorowicz recalls. “It
was a very lively time for physics.”
Gasiorowicz thinks Fine was a rara avis among philanthropists of his time: “What Bill did was sort of unusual.
People preferred giving money to telescopes so that their
name was attached to an object.”

to create at top-notch universities in the United States,
China, and Europe. These institutes focus on astrophysics,
nanoscience, and neuroscience.
In just six years, Fred Kavli, director of the foundation,
has become one of the world’s most prominent science
philanthropists. Kavli, a Norwegian-born industrialist, says
he discovered a passion for science many years before
he studied physics at the Norwegian Institute of Technology.
“When you grow up in a country like Norway, under
the northern light and the blue and dark skies in the winter, with the splendid stars and the Milky Way, you get
close to nature and get an interest in it,” Kavli says. “I think
physics is the science closest connected with nature in
general, and the universe.”
Kavli, who emigrated to the United States just after
receiving his engineering physics degree, made his
fortune in the precision-sensor industry and became
a science philanthropist after selling his company for
$345 million in 2000.
“I like to look forward into the future and look at what
is really of long-range benefit, and that is what I’m aiming
to do,” Kavli says. “And also, of course, I think there isn’t
enough support for basic science. It’s harder for people to
back things that fall far into the future, and therefore
more support is needed.”
Together with the Norwegian Academy of Science and
the Norwegian Ministry of Education and Research, the
foundation is also launching three annual prizes of $1
million each for seminal advances in the areas of astrophysics, neuroscience, and nanoscience. With these
prizes, the foundation is trying to give scientists more
visibility, Kavli says.

Theoretical physics has turned out to be a popular area
for philanthropists interested in science. It doesn’t require
expensive machinery, and the opportunities to contribute
to the advancement of science through innovative ideas
are immense. That may be why Mike Lazaridis decided to
donate C$100 million (US$94 million) in 2000 to create
the Perimeter Institute for Theoretical Physics in Waterloo,
Canada. Lazaridis, founder and co-CEO of Research In
Motion—manufacturer of BlackBerry handheld devices—
also convinced two fellow executives in the company
to invest C$10 million each to create the research center,
which has quickly become a world leader in theoretical
quantum physics and other disciplines.
John Matlock, director of communications for the
institute, says it operates on a unique economic model,
running day-to-day operations with public funding while
keeping private donations in an endowment to safeguard the longer-term future.
“Researchers enjoy the multi-disciplinary environment,” Matlock says. “They also appreciate the opportunity to host international conferences and high-level
workshops. And with about 300 visitors each year
from all around the world, there is a lot of productive
collaboration taking place at PI.”
This physics paradise is possible thanks to Lazaridis’
vision of science, Matlock adds: although Lazaridis

A pivotal party
A predecessor of Fred Kavli was the late William I. Fine,
a businessman and developer from Minnesota who in
1987 promoted the creation of the Fine Theoretical Physics
Institute at the University of Minnesota.
Stephen Gasiorowicz, a professor emeritus in physics
at the university, says he met Fine at a party in the early
1980s. “He had been doing a lot of Scientific American-type
reading, started asking me questions, and it became
obvious he read more than the average person at a cocktail party,” Gasiorowicz says. Some time later, Fine told
Gasiorowicz he wanted to contribute to the development
of physics, and the professor suggested he create a
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Investing in theory

FQXi tries to answer “deep, perennial
questions not likely to get funding from
the National Science Foundation.”
Charles Harper
chairs the Perimeter Institute board, he gives researchers “much freedom” to pursue what interests them.
This non-invasive approach is common to other physics philanthropists, such as Fred Kavli.
“He’s trusted us to steer the science and the investment along directions we think will be fruitful,” says
Blandford of Stanford’s Kavli Institute, “and I think he’s
been very wise in doing that.”

Unconventional benefactors

Photos: Brookhaven
BNL
National Laboratory

Sometimes funding comes from unexpected sources. That
is the case for Foundational Questions in Physics &
Cosmology (FQXi), a virtual institute that seeks to promote
paradigm-shifting research in physics and cosmology.
It was launched in 2006 with a $6 million seed grant from
the Templeton Foundation, which aims “to serve as a
philanthropic catalyst for discovery in areas engaging life’s
biggest questions.”
Anthony Aguirre, associate scientific director of FQXi,
acknowledges that some people in the scientific community are suspicious of the Templeton Foundation because it
has been accused in the past of giving money to conservative groups, as well as to scientists and centers, such as the
Discovery Institute, which support intelligent design.
“We got a seed grant from them, but it is no strings
attached,” Aguirre says. “This is an independent institution and hopefully in the future there will be other funds
from other donors.”
Charles Harper, spokesperson for the Templeton
Foundation, says it took him seven years to put together
the idea of the FQXi. According to Harper, the questions
the institute tries to answer are “deep, perennial questions not likely to get funding from the National Science
Foundation.” He adds that the Templeton Foundation
plays no role in selecting FQXi projects.
“We hope there will be some successes in FQXi that
will demonstrate that private philanthropy can be fruitful,
that private philanthropy in physics has a future in these
high-risk, fundamental basic issues areas,” Harper says.
FQXi’s scientific directorate and advisory panel include
physicists Max Tegmark, Alan Guth, and Frank Wilczek of
MIT, Dieter Zeh of the University of Heidelberg, Eva
Silverstein of Stanford, Martin Rees and John Barrow of
Cambridge University, and Lee Smolin of the Perimeter
Institute. The center gave more than $2 million to research
in 2006.
When budget cuts threatened to close the Relativistic Heavy
Ion Collider at Brookhaven National Laboratory, Jim Simon–
founder and president of the hedge fund Renaissance
Technologies Corporation–donated $13 million to keep it running.
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For the love of physics

Philanthropy in the
United Kingdom

One trait many physics benefactors share is a pure love
for science.
Peter Bond, interim associate director for nuclear and
particle physics at Brookhaven National Laboratory,
was astonished to learn of a private initiative to keep the
Relativistic Heavy Ion Collider (RHIC) running in 2006,
when a severe cut in the US Department of Energy budget
put the fate of the accelerator at risk. Jim Simons, founder
and president of the hedge fund Renaissance Technologies
Corporation and a member of the Brookhaven board, gave
the center $13 million so that the RHIC could run a full
schedule of 20 weeks, with $12 million designated for
operating the machine and $1 million for its two major
experiments with polarized protons.
“My belief is that Simons thought, ‘Here there’s this
$600 million accelerator that has recently come on the air,
that has had some very interesting results and all of a
sudden the budget doesn’t allow it to operate,’” Bond says.
“He says, ‘This doesn’t make any sense to me, because if
it just costs $12 million to run it, that’s a drop in the bucket.’”
Bond says one of the characteristics that made Simon’s
initiative so moving was that the people who provided the
money were part of the general public: “It was a wonderful
surprise and a remarkable event.”
Another philanthropist who admits investing in physics
for the pure joy of learning from the research his money
makes possible is Pierre Schwob. In December 2003,
Schwob, an entrepreneur based in Palo Alto, California,
gave the Kavli Institute for Particle Astrophysics and
Cosmology $1 million to found the P.R. Schwob Computing
and Information Center.
Schwob, who currently runs the website Classical
Archives, says he is “very selfish” as a philanthropist. “I will
only support something that I can understand and that I
can learn something from,” he says, adding that he’s fascinated by how physics “can explain the whole universe
by very few laws.” He is currently planning a classical music
gala to be held in 2008 in Washington, DC, to celebrate
the presentation of the first results from the Gamma-ray
Large Area Space Telescope, scheduled for launch at
the start of next year.
“I see the concert as a possibility to communicate the
joy of science to the general public,” Schwob says, “and
at the same time to try to make a little bit of a dent with
the policymakers in Washington, DC.”

The Ogden Center for
Fundamental Physics at the
University of Durham benefited from a donation from
Peter Ogden, a successful
businessman with a PhD in
physics from the university.
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While North America has a strong tradition of science philanthropy, Europe and Asia are moving in the same direction. In the United Kingdom, some voices are beginning to
ask philanthropists to follow the American example; in
February 2007, Prime Minister Tony Blair called on universities and donors to create “a culture of giving” and establish endowment funds.
Britain’s two most prominent cases of private generosity are the Ogden Center for Fundamental Physics
at the University of Durham and the Beecroft Institute of
Particle Astrophysics and Cosmology at Oxford University.
The Ogden Center, which opened in autumn 2002, is
home to the Institute for Computational Cosmology and
the Institute for Particle Physics Phenomenology, which
bring together more than 100 physicists, mathematicians,
cosmologists, computer scientists, and students. The $40
million center was supported by a combination of funds
from the university, the government and Peter Ogden, a
successful businessman with a physics PhD from Durham.
He sold his business and established the Ogden Trust,
which supports a wide range of educational projects.
For its part, the Beecroft Institute of Particle Astrophysics
opened in May 2004 thanks to a gift of $665,000 from
the Beecroft Charitable Trust, run by Adrian Beecroft. He is
chief investment officer for the venture capital firm Apax
Partners Ltd., and holds a degree in physics from Oxford.

A lab away
from home

by Elizabeth Clements
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It’s a stretch: In search of
new skills, particle physicists spend months or
years at labs far from
home, absorbing culture
along with science.

27

Photo: Reidar Hahn, Fermilab

At recent meetings in
Germany and the United
States, ILC scientists
acted out their travels
on an improvised Twister
game board.

Dogs get jet lag. That’s what Tor Raubenheimer, a physicist at the
Stanford Linear Accelerator Center in California, learned when
he moved in 1996 for a one-year fellowship at CERN, the European
particle physics lab. It took months for his Samoyed and Malamute
to get over the change in time zones, he says: “It was a real problem because they would get up in the middle of the night and
want to play.”
Nick Walker faced an even more unlikely problem when he
relocated from CERN to SLAC in the 1980s: people didn’t want
his money, at least not in cash. “Coming from Europe, I didn’t have
a US bank account or any credit cards,” says Walker, who is now
a physicist at Hamburg’s DESY lab. When he tried to buy furniture
for his apartment, he quickly learned that stores were suspicious
of purchases involving hundreds of dollars in cash: “I actually
had trouble spending money because the stores wouldn’t sell
me anything.”
Today both Raubenheimer and Walker play leading roles in
building the next big proposed accelerator, the International
Linear Collider (ILC). As members of the Global Design Effort,
they help set strategy and priorities for the project. That means
spending more than half their time on the road, traveling to
meetings and workshops.
Despite all the travel-related hassles they have encountered,
both physicists will tell you their extended stays at other laboratories, often in other countries, made it easier for them to do their
jobs today. And they’d like more members of the ILC community
to do the same.
To them, it’s a way to make the Global Design Effort–a virtual
organization without any physical headquarters–slightly less virtual. In addition, beyond their value as cultural exchanges, these
trips are a way of spreading the critical technologies and expertise that the ILC demands. In a tradition as old as physics, one
scientist learns from another, working side by side in the lab,
absorbing technical lore and passing it on to colleagues back home.
“I would like us to be more nomadic,” says Raubenheimer. “It
would be much better for the project if we all traveled together
and spent more time at other labs.”
Living in a new place–be it a strange city or a different continent–takes you out of your element, away from the comforts of
home. It can make you more vulnerable. Perhaps it is that vulnerability, not wanting to be alone in a foreign environment, that
casts off your shell. When people sit in a meeting room together,
share a meal together, or drink a beer together, cultural barriers
can melt away and trust, even friendship, seep in.
“If we are going to build the ILC together, we have to learn to
trust and interact with each other,” Raubenheimer says. “All of us
do better by spending time in other places.”

Photo: Barbara Warmbein, ILC
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Studying abroad
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Fermilab’s Damon Bice is “studying abroad” at Jefferson Laboratory
(JLab) in Newport News, Virginia, learning how to process and
test superconducting cavities. Made of superconducting niobium,
these meter-long, hollow structures are the heart of the ILC,
accelerating beams of particles to energies of 500 billion electronvolts. But the tiniest speck of dust can cause them to lose their
superconductivity; so following a detailed series of chemical treatments and other preparatory steps is extremely important.
More than half-way through his year-long training, Bice is quickly
becoming an expert. “I really like the challenge it poses, and it is
nice to start from scratch on a new project,” he says.
Bice turned his attention to the ILC after spending 10 years at
Fermilab, working on magnets to be installed in the Large Hadron
Collider (LHC) at CERN. The decision to move from Chicago to
Virginia wasn’t easy. Bice has a 12-year-old son and a 5-year-old
daughter, and his wife was in the middle of getting a degree in
psychology at National Louis University. “We had a house and
had to decide what to do with our belongings,” he says. “It’s been
a lot of changes.” Bice’s son temporarily transferred junior high
schools, his daughter will start kindergarten in Virginia, and his
wife is continuing her studies through an online program.
Despite all the difficulties of moving and adjusting to a new
lab, Bice and his family decided the career opportunity was worth
it. Just as he was part of the LHC magnet project at Fermilab
from the very beginning, he’s joining the ILC effort at an early stage.
Under the tutelage of JLab’s John Mammosser, Bice spent a
few weeks observing the experts before beginning to clean and
assemble cavities on his own. This meant many hours inside a
clean room, dressed head to toe in protective gear. “I had never
been in a clean room before, and it was hard to get used to working in there,” he says. But he quickly learned tricks for working in
the confines of the new environment: “I started changing my glove
size for different tasks, for example, which helps a lot when you
are working with really small parts.”
Bice is one of nearly 100 visiting scientists Mammosser has
trained in his 18 years at JLab. For his part, Mammosser learned
by working with experts at KEK lab in Japan.
“I always recommend that scientists go to other places to learn
because they get to watch and see how other people do things. It
makes you more well-rounded,” says Mammosser, who left JLab
in May to train technicians at Oak Ridge National Laboratory in
Tennessee. “It’s our obligation to train people, and we should share
our knowledge. That’s the whole point of what we do.”

Photo: Elizabeth Clements, ILC

Passing it on
Many of JLab’s experts in superconducting technology started
out at Cornell University in Ithaca, New York, where the mentoring tradition continues today. Cornell’s Hasan Padamsee and Curtis
Crawford, for instance, are imparting their expertise to Fermilab’s
Bill Ashmanskas, who hopes to train other technicians when he
gets back.
 “My career has been defined by mentors,” says Ashmanskas.
“Each stage has had a different mentor, and this stage fits right
in. Every couple of years, I seek out a new set of gurus to work with,
and it gives me the opportunity to learn a whole new set of skills.”
 Ashmanskas relocated to upstate New York in December 2006
for one year, enduring a long, snowy winter that made the
Chicagoan feel right at home. He had no previous experience with
superconducting cavities and says he found the small-university
environment at Cornell beneficial. “It’s the ideal place for me to come
to learn,” he says, “because everything exists here on a small
enough scale that I can touch it.”
From etching and rinsing the cavities to testing and tuning them,
Ashmanskas participates in every meticulous step of their preparation. Although he has been reading the only available textbook
on superconducting cavities–it was written by his mentor,
Padamsee–Ashmanskas finds it easier to learn by first working
with his hands. “When we eventually start to make thousands of
these cavities, we will have a much different setup,” he says. “Learning
in a close-knit R&D environment like the one at Cornell will make
me a much more useful participant in Fermilab’s program and will
pay off in the long run.”

Photos: Barbara Warmbein, ILC
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Not everyone can spend months away from home. When KEK’s
Norihito Ohuchi wanted to spend time at DESY to observe the
assembly of cryomodules–vessels that chill the superconducting
cavities–obligations at his home institution tugged him back. “I
wanted to watch the whole assembly for two months,” he says.
“But I have a responsibility to operate the superconducting magnet system for KEKB, and three weeks was all I could manage.”
Despite the short visit, Ohuchi still learned enough about cryomodules to help technicians who are now commissioning the
Superconducting Test Facility at KEK. “I could imagine the assembly process for the STF cryomodules at KEK only after coming back
to Japan from DESY,” he says.
Setting an example for other senior scientists working on the
ILC, SLAC’s Tom Himel is about to start a year’s sabbatical at
DESY. His wife will join him, and his daughter, a student at New
York University, will spend a semester studying in Prague. This will
make the year abroad easier, but there are still the simple tasks, like
going to the bank in Hamburg, that become not so simple when
you don’t speak the language. For Himel, who focuses on the
ILC’s protection system–a set of mechanisms that prevent the
machine from breaking down–the opportunity to get involved in
DESY’s Tesla Technology Facility, essentially a working prototype
of the ILC, is worth the effort. “I want to see the daily realities,” he
says. “It’s the questions that you didn’t know to ask that you get
the answers to, and you can’t do that remotely.”
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gallery: sci-arc
From

Physics

to

Architecture
1

left: Kristopher Conner
began thinking about his
design project by experimenting with ways to visualize
information. He started with
simulated recordings of
particle events (figure 1).
2

right: Conner then traced the
paths of the particles, plotted
out the places where the
paths intersected and connected these nodes to form
polygonal surfaces. Although
the shapes of these polygons were not directly translated into building designs,
he says they did inform his
thinking about what the
complex might look like.

Asked to design a lab and office
complex, students found inspiration in particle collisions, gushers
of data, and the shifty habits of
neutrinos.
Physics can be a source of inspiration for new architectural and spatial
concepts, according to Jean Michel Crettaz, a professor at the Southern
California Institute of Architecture, Los Angeles (SCI-Arc). Last fall, 15 of
his students visited the Stanford Linear Accelerator Center to meet with
researchers and gain a better understanding of phenomena such as supernovae, black holes, and neutrino oscillation. The students spent most of
the semester translating their discoveries into hypothetical design concepts for buildings for the Linac Coherent Light Source (LCLS), the world’s
first hard-X-ray laser now under construction at SLAC.
32

3
left and above: The complex is arrayed along the
spine of the linear accelerator
and would grow over time,
weaving in, above, and around
the underlying topography.
Each nodule consists of a
laboratory and associated
work spaces, and each has
individual access to the LCLS
along its length, “providing a
more democratic and productive workflow,’’ Conner says.

Crettaz says the idea was to engage with new concepts of space as a
way of developing new concepts for architecture. When compared to other
areas of industry, he says, “architecture is very slow at integrating new and
available knowledge and technology. Architecture too often stays attached
to outdated, antiquated and un-ecological concepts that are barely evolved
from the Newtonian world,” and “too often operates with spatial conceptions
that can be understood as primitive and medieval.”
Crettaz has taken contemporary physics as a muse because he believes
an array of new spatial ideas and conceptions can be found embedded in
the principles of the field. He assigned his students physics research before
visiting SLAC, as well as suggested readings and viewings that ranged from
Stephen Hawkings’ A Brief History of Time to Blade Runner, Star Wars, and
Metropolis. The students toured SLAC and met privately with physicists. They
were asked to design a complex for the new light source that would include
such things as a visitor center, meeting rooms, and office space. The finished
projects, in the form of animations and film, were presented at SCI-Arc at
the end of the semester; there are also plans to exhibit the work at SLAC.
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4

gallery: sci-arc
5

6

above and left: What look
like decorative elements on
the façade of this building actually serve to shield the
glass from strong southern
sunlight, so the interior light
remains diffuse and cool, says
designer Matthew Majack.
In winter (figure 6), adjustable
windows allow sunlight to
penetrate and heat the interior work space shown in red.

In summer, light is bounced
into a ventilation space to
warm the air there. As the
air rises, it draws cooler air
up through the building. The
drawing at bottom shows this
passive air flow. The building
would house offices on the
first floor and shared space
on the second.

Kristopher Conner, who is working on his masters thesis, says he was
interested in the role that wave functions, and especially interference
patterns, play in contemporary physics. Conner discussed this topic with
physicist Lance Dixon, who recommended that he read up on quasicrystals.
Conner used animation software, MAYA, to simulate particle events.
He then analyzed the simulation by applying Fourier analysis, a method
of breaking down complex information into simple wave forms. Tracing the
paths of the particles, he created a series of nodes at the places where
their paths crossed, and then generated polygonal surfaces from those nodes
that allowed him to better visualize their spatial relationship.
From this experiment, Conner singled out the idea of fluctuations of
forces and forms over varying time frames and applied it to the design
of a building for the LCLS. He analyzed the interactions between many
factors, such as the ebb and flow of people using the facility, the angles
at which sunlight would hit it, the amount of rainfall, and the effect of
gravity on the construction, among others. He studied the relationships
between these parameters over days, years, and decades.
“The relationship of these forces over a day seems chaotic,” he says, “but
as you start to look at it over a longer timescale, you recognize a pattern.”
With that information, Conner designed a structure that would grow along
the axis of the LCLS in response to the pattern of building use and
the continually varying needs of both the institution and individual labs.
Another student, Scott Abukoff, worked with physicist Allen Odian to
learn more about neutrinos and their behaviors while changing states.
“My objective was to capture the changing states of particle physics and
interpret them in an architectural program,” Abukoff says; the result was
a 3D animation in which various aspects of a structure “were changing
instantly, like neutrinos.”
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7

above and right: Scott
Abukoff’s design is inspired
by the ability of neutrinos to
change from one form to another as they fly through
space. His animation depicts
neutrinos as brightly colored,
wormlike objects (figure 7).
Viewers fly into the “interior”
of a neutrino and find themselves inside a building (figure
8) whose floors intertwine
with a wormlike system that
carries heating and air conditioning. Translating the

8

dynamic nature of the neutrinos into a static building
design was a challenge,
Abukoff says; he generated
these forms with a dynamic
fluid simulation program. “It is
an abstract kind of architecture,’’ he says. “It’s not sectioned off. I don’t know
where the restrooms are, or
anything like that. But I just
wanted to create an architectural space, not really figure
out the details of how
people work.’’

Abukoff says he found the experience at SLAC fascinating. “I’ve always
liked physics; it was my favorite subject in high school,” he says. “But
then I went to architecture school and I thought I’d never have a chance
to return to it.” He was so drawn into his research subject that he couldn’t
stop reading about it, he says: “But in the end, it all had to come back to
architecture.”

9

Text by María José Viñas
Images courtesy of Scott Abukoff, Kristopher Conner,
Matthew Majack, and Gilad Reichenberg

above and left: For Gilad
Reichenberg, who worked
with SLAC’s Jacek Becla, the
starting point was the “staggering amount of data that
SLAC produces and processes.’’ He felt that a data
center “should not be a place
closed behind thick walls,
but rather show and emphasize the dynamic nature of
data.’’ Offices would be below
ground and computers, servers and other infrastructure
above. Glowing patterns
within the building and on its
roof (figure 9) represent the
transmission of data through
cables and “give form to the
unseen movement around
us,’’ Reichenberg says.
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what to photo. But Yuri watched me…and didn’t
move. Then he started asking questions about
physics and we had a long discussion of the
experiment. Still he didn’t take a photo. Later I
learned that he spent all day at the site taking
pictures after I had left.”
When Robert Wilson, the late founding director of Fermi National Accelerator Laboratory in
Batavia, Ill., saw Tumanov’s photos of joint JINRBatavia experiments with a gaseous jet target,
he said, “Your photographs showed me that
besides scientific ideas there are people in the
experiment who are straight-out enthusiasts.
This is very important to me. You can’t do anything without it.”
In his long career, Tumanov has become adept
at all types of photography, including modern
digital methods; but his special devotion has
always been black-and-white photography. He
is a real master of it, regarding it as most expressive and challenging.
Everybody who works at JINR knows Yuri, as
he is still most active in his job. You may find
him in his photo laboratory at any time of day or
night–and he is full of new plans for the future.
Boris Starchenko

A lens on physics and
its enthusiasts

His photographs show scientists and experiments,
large physics facilities and tiny devices, enthusiastic crowds of conference participants and lone
researchers absorbed in thought. For almost
half a century, the world has seen in his images
the exciting moments and events of research
into the most mysterious aspects of matter.
Yuri Tumanov arrived in Dubna–a small academic town on the Volga River, 120 kilometers
north of Moscow–in 1961 to work as a journalist
at a local newspaper. A hydraulic engineer by
education, he moved to Dubna’s Joint Institute
for Nuclear Research in 1967, just after the
international scientific center celebrated its fifth
anniversary. In his 40 years as a lead photographer for JINR, Tumanov has popularized the
institute’s multiple strands of fundamental and
applied research throughout the world.
In February, Tumanov celebrated an important
milestone: He turned 75. To mark the occasion
he has published a book of photographs, Scientific
Dubna–Through the Lenses of Tumanov’s
Camera. And for his long-standing, dedicated
service to science and journalism, he has been
awarded the Medal of the Order “For the Services
for the Motherland”–the state prize of Russia.
Tumanov is a talented professional with his own
unique methods and techniques. The JINR
director, Professor A. Sissakian, once said that
the world can see science through the lenses
of Tumanov’s camera. Many scientists were surprised to see how he worked at the beginning
of his career. Yuri Oganessian, the scientific leader
of the JINR laboratory of nuclear reactions,
says, “I remember our first meeting, when he
came to take a photograph of our accelerator
U-300. I showed to him the machine and explained
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profile: yuri tumanov
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logbook: plutonium
Document courtesy of Lawrence Berkeley National Laboratory

Atomic element 94

was named
“plutonium”
after Pluto, the ninth planet from the Sun (now demoted
to “minor planet” status.) By tradition, plutonium should
have been assigned the symbol “Pl,” but co-discoverer
Glenn Seaborg gave it the symbol “Pu” as in “peeyew,” dark humor that reflected the element’s potential use.
Since plutonium is not found in nature, it had to be
created in the lab. This was accomplished in 1941 at the
Berkeley Radiological Laboratory by Seaborg, Edwin
McMillan, J.W. Kennedy, and Andrew Wahl, using the
60-inch cyclotron there.
Now the group hoped to find a particular isotope
of plutonium, Pu-239. Like other forms of plutonium, it
was expected to sustain fission, a process that splits
atomic nuclei in a chain reaction that releases tremendous amounts of energy. And there was reason to
think it could be isolated in the quantities needed to
build a nuclear weapon.
They would begin by producing neptunium-239,
another human-made element that had been discovered at the lab just a year before. The plan was
to chemically purify it and allow it to decay into plutonium-239.

These pages from Seaborg’s notebook contain
instructions that the scientists checked off as they went
along. It was a laborious, time-consuming process that
required carrying samples from lab to lab on campus. To
minimize radiation exposure, researchers wore lead
gloves and carried the material in lead beakers inside
wooden boxes.
On Thursday, March 6, 1941, a purified sample of neptunium-239 was placed in a lab dish and covered with
a thin layer of Duco cement. “This is called sample A,”
Seaborg wrote, triumphantly, in red. The team documented its transformation, through natural radioactive
decay, into Pu-239, and they determined that it underwent fission much faster that uranium does.
In May 1942, Seaborg, Kennedy, Wahl, and collaborator Emilio Segrè sent a letter describing the work on
Pu-239 to Physical Review, where it was held for publication until after the war.
On Aug. 9, 1945, a nuclear bomb powered by Pu-239
exploded over Nagasaki.
For Seaborg’s detailed account of the work, including
a transcript of these pages from his notebook, see
www.osti.gov/bridge/purl.cover.jsp?purl=/902151-RdiWYJ/
Glennda Chui, symmetry, and Pam Patterson,
Lawrence Berkeley National Laboratory

explain it in 60 seconds

Dark energy

is the weirdest and most abundant stuff in the universe. It is causing the
expansion of the universe to speed up, and the destiny of our universe
rests in its hands. However, we don’t know much about dark energy.
Dark energy is everywhere and is extremely diffuse–a cubic meter of dark energy contains only
as much energy as a hydrogen atom–and it is not made of particles. Dark energy is like a continuous,
extraordinarily elastic medium. Its elasticity leads to its defining and most spectacular feature: its
gravity repels rather than attracts. For the first nine billion years after the big bang, the attractive gravity
of matter caused the expansion of the universe to slow down. Five billion years ago, dark energy’s
repulsive gravity overcame matter’s attractive gravity, leading to the accelerating universe.
Figuring out dark energy is high on the to-do lists of both astronomers and physicists. During the
next 20 years, ground- and space-based telescopes will shed new light on dark energy and perhaps
bring a few surprises too. I, for one, believe that dark energy is the most profound mystery in all of science and that cracking the dark-energy puzzle will lead to advances elsewhere, from understanding
the birth of the universe to illuminating string theory.
Michael S. Turner, The University of Chicago
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