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TRIUMF Facilitates Canada’s Contributions to International Physics
On the border of France and Switzerland, in a tunnel deep beneath the surface of the Earth, lies an immense project
seeking to unravel the mysteries of new dimensions, antimatter, and the unification of the fundamental forces. Although,
it sounds like the makings of a science fiction novel, in fact, this scenario is not as far-fetched as it may seem. These
‘mysteries’ are just some of the possible discoveries that may be revealed through a number of international experiments
in which Canada, and TRIUMF, are key players. Besides participating in numerous collaborations with Canadian
research institutions, TRIUMF also takes part in enabling the Canadian physics community’s participation in international
experiments. As a national laboratory, TRIUMF offers resources to international projects that are identified by the
Canadian physics community as having high priority and significance. In exchange for allowing Canadian scientists to
participate in these international experiments, in-kind contributions of equipment are made to the projects in lieu of direct
funding. The Canadian physics community relies on TRIUMF, as it is the scientific facility in Canada with the necessary
infrastructure and expertise to meet these commitments. Some of the major international collaborations involving
Canadian science and TRIUMF are described below.
LHC at CERN (Switzerland)
For the past ten years, TRIUMF has been responsible for facilitating Canada’s
contribution to the Large Hadron Collider (LHC) at CERN, the European
Organization for Nuclear Research. CERN is located on the Swiss-French border
near Geneva, Switzerland. Twenty different European Member States operate the
laboratory. The circular-shaped LHC is an underground particle accelerator
having a circumference of 27 km.
On behalf of Canada, TRIUMF has provided approximately $41.5 million in
equipment and labour to the LHC project. The in-kind contributions included:
instrumentation, power supplies, power distribution components and
transformers, kicker magnets and pulsed power devices, radiofrequency systems
and magnets. The last of these components, 52 twin-aperture quadrupole magnets
for the beam cleaning sections of the LHC, were shipped to CERN in July 2003.
Installation and testing of the quadrupoles and Canadian injection kickers will
take place in 2005/2006. Once the LHC is operational in 2007, it will allow
scientists from around the world to better investigate questions such as “What
gives particles mass?” and “Why does matter dominate over antimatter in the
universe?”
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ATLAS at CERN (Switzerland)
In an attempt to determine what gives particles their mass, the ATLAS detector will be installed on the LHC at CERN.
The ATLAS detector will identify the particles that are created from collisions between the LHC’s two accelerated proton
beams. Researchers will be testing the existing Standard Model of physics, which is the widely accepted theory of
fundamental particles and forces and their interactions. The Standard Model predicts the existence of an invisible field
(called the Higgs field) that gives particles their masses based on how strongly they interact with the field. The more
strongly a particle interacts with the Higgs field, the greater it’s mass. Physics theory predicts that a new particle called
the Higgs boson exists in this field. ATLAS is powerful enough to detect this boson, if it exists. In the event that the
Higgs boson is observed, it will validate part of the Standard Model and will be a groundbreaking discovery in our
fundamental understanding of physics. ATLAS also has the potential to discover supersymmetric particles (hypothesized
‘partners’ to the particles that we can already observe), new dimensions beyond normal space and time, and the nature of

dark matter. Canada has provided endcap calorimeters that will measure the energy generated from the collisions within
the detector. TRIUMF designed and supervised the construction of these calorimeters, and Canadian scientists are now
testing the devices. In addition, TRIUMF has been central to the Canadian contribution of the forward calorimeter, the
cryogenic feedthroughs, and the front-end electronics for readout of the calorimeters. TRIUMF is also the proposed
centre for Canada’s ATLAS data analysis hub, which will facilitate data analysis at Canadian universities and connection
to the international ATLAS computing grid. Currently, 60 Canadian scientists (five from TRIUMF) work on the ATLAS
project. By 2007 it is expected that this will grow to roughly half of the Canadian experimental particle physics
community.
KOPIO at Brookhaven National Laboratory (USA)
Another international experiment called KOPIO will study a very rare radioactive decay that may provide insight into why
there is an asymmetry or imbalance between matter and antimatter. Scientists believe that this asymmetry resulted in our
universe being made almost entirely of matter, despite equal amounts of matter and antimatter being created in the Big
Bang. Without such an asymmetry, these equal amounts of matter and antimatter would have entirely annihilated each
other, leaving the universe filled with just energy in the form of photons. This matter-antimatter asymmetry is called CP
violation and was discovered in the 1960’s. However, knowledge of its complete nature and cause has eluded scientists,
so far. It is hoped that KOPIO will shed light on these mysteries and provide insight into the origins of the universe.
A TRIUMF-UBC chair holder is co-spokesperson for KOPIO and is joined by a team of 14 other Canadian scientists on
the project. Canada’s contributions include critical components of the detector system, many of which will be constructed
at TRIUMF, and important improvements to the particle accelerator at Brookhaven. KOPIO is still in the R&D stage, and
construction will not begin until 2006; however, advanced photon imaging technology has already led to potentially
practical applications in industrial and medical imaging (and at least one patent).
T2K at J-PARC (Japan)
Tokai to Kamioka (T2K) is an experiment at the Japan Proton Accelerator
Research Complex (J-PARC) in Japan that is yet another major international
scientific collaboration. The experiment will shoot a beam of neutrinos
underground from J-PARC in Tokai, Japan to the Super Kamiokande neutrino
detector 295 km away in Kamioka, Japan. The ultimate goal of T2K is to
investigate how neutrino oscillation (the phenomenon whereby neutrinos of one
type change into other types as they travel through space and matter) is related
to, or perhaps even the cause of, matter-antimatter asymmetry. The first stage
of the experiment will measure the oscillation between muon neutrinos and
electron neutrinos. T2K follows on the seminal discoveries of scientists at the
Sudbury Neutrino Observatory (SNO), a Canadian project measuring neutrinos
produced by the sun.
Through TRIUMF, Canada is developing portions of the near detector
subsystem (the time projection chamber tracker and the fine-grained
calorimeters with water-based scintillators), and the proton beam monitoring
system. TRIUMF will also provide expertise in beam simulation and the design
of remote handling in the target areas. The experiment is scheduled to begin in
2008.
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