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LHC, ILC,
and CMS
ACCELERATING INTO THE FUTURE
Astonishing!
Two years from now, the next major particle accelerator will
collide beams for the first time. It will collide bunches of protons
head-on. Each bunch contains 100 trillion protons, each with
seven trillion electron volts of energy. The accelerator will
carry 300 billion joules of energy—roughly equivalent to the
kinetic energy of a naval destroyer moving at 30 knots—and
the collisions will be seven times more forceful than those at
Fermilab, home of the current record-holding accelerator. The
accelerator will be able to produce particles that are so heavy
that they have not existed since moments after the Big Bang. It
will be able to scrutinize distances as small as 10-19 meters—
a distance as much smaller than an atom as an atom is smaller
than a basketball. Dubbed the Large Hadron Collider, or LHC,
this accelerator is located in Geneva, Switzerland, and Cornell
scientists will be present at its opening.

Finding the Higgs
What might the LHC discover? Current data and theories of
particles and forces give some hints. It might discover a particle
called the Higgs, which may permeate the universe, making a
kind of cosmic sludge. Physicists believe that heavy particles
are heavy because they slog through this sludge with difficulty,

while light ones are light because they slip through unimpeded.
By giving mass to the particles that drive the reactions in the sun,
the Higgs is responsible for slowing the sun’s burn, allowing it
to provide a steady light over billions of years, rather than going
up in a brief burst long before the earth was born.
Most physicists expect the LHC to find more. Data from past
accelerators imply that the Higgs itself must be relatively light,
within reach of the LHC; first principle calculations of its mass,
however, give a value that is by far heavier. The discrepancy can
be resolved only if there are new forms of matter that differ
from those we now know. The odds are good that these new
particles are light enough to be within reach of the LHC.

New Discoveries Bring More Questions
The LHC has the chance to make groundbreaking discoveries,
but these new discoveries will very likely uncover more questions. What are the properties of the Higgs particle? Is the
Higgs alone, or are there several varieties, each giving mass to
a different class of particles? If there is a new species of matter,
what are its properties? Is it of the type predicted by string
theory, or is this species perhaps a messenger from a fourth
dimension of space?
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THE ACCELERATOR
WILL BE ABLE TO
PRODUCE PARTICLES
THAT ARE SO HEAVY
THAT THEY HAVE NOT
EXISTED SINCE MOMENTS
AFTER THE BIG BANG.

THE ACCELERATOR WILL
CARRY 300 BILLION
JOULES OF ENERGY—
ROUGHLY EQUIVALENT
TO THE KINETIC ENERGY
OF A NAVAL DESTROYER
MOVING AT 30 KNOTS—
AND THE COLLISIONS
WILL BE SEVEN TIMES
MORE FORCEFUL THAN
THOSE AT FERMILAB,
HOME OF THE CURRENT
RECORD-HOLDING
ACCELERATOR.

An International Linear Collider
A next-generation accelerator, known as
the International Linear Collider, or ILC,
will answer these questions by colliding
very high energy electrons and antielectrons. While technically more challenging
than the LHC, the electron collisions will
enable physicists to address questions such
as these: Does the new species of matter
account for the mysterious dark matter
that makes up 80 percent of the universe?
At high energies, do the forces that govern
elementary particles exert the same
strength? If so, it will be a triumph for
the ultimate unification of forces—one
of Einstein’s dreams. If not, the ILC
might hint at an explanation.

A Compact Muon Solenoid
Cornell physicists James Alexander, Karl Ecklund, Anders Ryd,
Julia Thom, and Peter Wittich, along with several graduate
students, are working on the LHC and the ILC. Cornell’s LHC
work focuses on one of the two enormous particle detectors
that will make the key measurements—the Compact Muon
Solenoid, known as CMS. The work of nearly 2,000 physicists
from around the globe, CMS is a technical feat. A collision will
occur 40 million times each second, and each time, hundreds
of particles will burst out at light speed. The detector will
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measure the trajectory and energy of each one using new
ultrafast silicon devices with micron resolution; a superconducting electromagnet that is more than two stories in diameter;
and high-speed, high-precision devices for measuring particle
energies. The detector is also a feat of computer science: each
day, it will generate 10 terabytes of information, and each
week, it will generate three times the information stored in
the Library of Congress.

A collision will occur 40 million times
each second, and each time, hundreds
of particles will burst out at light speed.

Cornell and the Technology of the Future
The ILC is further in the future, and Cornell physicists are
working on almost every aspect of the design. Cornell’s
Alexander Mikhailichenko, LEPP researcher, developed the
technique that will be used to produce the antielectron beam.
Once the electrons and antielectrons are produced, they are
herded into dense bunches in a “damping ring,” which is in
many ways similar to Cornell’s CESR. Cornell physicists David
Rubin, Physics, and Mark Palmer, LEPP researcher, along with
graduate students Richard W. Helms and Jeremy T. Urban,
Physics, are applying their expertise to this new problem, and
CESR itself may become a testing ground for new ideas from
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IT (ILC) MIGHT DISCOVER A PARTICLE
CALLED THE HIGGS.…THE HIGGS IS
RESPONSIBLE FOR SLOWING THE SUN’S
BURN, ALLOWING IT TO PROVIDE STEADY
LIGHT OVER BILLIONS OF YEARS, RATHER
THAN GOING UP IN A BRIEF BURST LONG
BEFORE THE EARTH WAS BORN.
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CORNELL’S LHC WORK FOCUSES ON ONE
OF THE TWO ENORMOUS PARTICLE
DETECTORS THAT WILL MAKE THE KEY
MEASUREMENTS—THE COMPACT MUON
SOLENOID, KNOWN AS CMS.
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physicists worldwide. Cornell
physicist Hasan Padamsee and
his team, who have one of the
world’s leading programs in the
superconducting technology
that will be used to accelerate
the beams, are seeking ways
Simulated decay of Higgs
to accelerate the beams more
boson at a future experiment
quickly. Since traditional surveyat CERN
ing techniques are inadequate
for aligning the many components of the accelerator to the
needed millionths of an inch, Rubin and graduate student Jeffrey
Smith, Physics, are developing techniques to use the beams
themselves for alignment. Daniel P. Peterson, LEPP researcher,
is developing devices that detect particles produced in the collisions. Cornell physicists have been leaders in organizing the
world consortium that has come together to design and build the
ILC. Maury Tigner, LEPP’s director, chaired the group that led
the ILC through the critical initial phases of internationalization
and selection of the central technology, and Gerald F. Dugan,
Physics, now leads the North American effort.
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Cornell physicists James Alexander, Karl Ecklund,
Anders Ryd, Julia Thom, and Peter Wittich, along with
several graduate students, are working on the LHC
and the ILC.

Maury Tigner
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initial phases of
Gerald Dugan
internationalization
and selection of the
central technology, and Gerald F. Dugan,
Physics, now leads the North American
effort.
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Once the electrons and antielectrons
are produced, they are herded into dense
bunches in a “damping ring,” which is
in many ways similar to Cornell’s CESR.
Cornell physicists David Rubin, Physics,
and Mark Palmer, LEPP researcher,
along with graduate students Richard
W. Helms and Jeremy T. Urban, Physics,
are applying their expertise to this new
problem, and CESR
itself may become
a testing ground
for new ideas from
physicists worldwide.
Jeremy Urban, Richard Helms
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E-mail: jrp3@cornell.edu
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